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- JPRS publications contain information primarily from foreign
newspapers, periodicals and books, but also from news agency
transmissions and broadcasts. Materials from foreign-language
sources are translated; those from English-language sources
are transcribed or reprinted, with the original phrasing and
other characteristics retained.

- Headlines, editorial reports, and material enclosed in brackets
[] are supplied by JPRS. Processing indicators such as [Text]
or [Excerpt] in the first line of each item, or following the
last line of a brief, indicate how the original information was
processed. Where no processing indicator is given, the infor-
mation was summarized or extracted.

Unfamiliar names rendered phonetically or transliterated are
enclosed in parentheses. Words or names preceded by a ques-
tion mark and enclosed in parentheses were not clear in the
original but have been supplied as appropriate in context.
Other unattributed parenthetical notes within the body of an
item originate with the source. Times within items are as
given by source.

The contents of this publication in no way represent the poli-
cies, views or attitudes of the U.S. Government.

COPYRIGHT LAWS AND REGULATIONS GOVERNING OWNERSHIP OF
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Annotation

[Text] Published in accordance with a 30 October 1974 de-~
cision by the Construction Economics Literature Section of
the Stroyizdat editorial council. The book examines prob-
lems of the economics of the start—up period for new pro-
duction facilities, using the chemical industry as an ex-
ample. Methods are given for calculating normatives for
start-up and adjustment work duration and expenditures
during this period. Considerable space is given to de-
termining the effectiveness of reducing start-up time for
new projects and to methods of improving start-up and ad-
justment planning and organization. The book is intended
for scientists and engineers in research, planning, con-
N struction, and start-up and adjustment organizations.
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Chapter 1. Work Organization in the Start-Up Period
Section 1. Essence of Start-Up and Adjustment Work

1. Composition and Place of Start-Up and Adjustment Work in the Overall Pro-
cess of Creating New Production Facilities

The creation of new production encompasses a whole series of jobs, including
scientific research on developing new formulas and technological processes,
designing and manufacturing new types of equipment, planning and building en-
terprises, finishing and starting-up new production facilities.

All this work can be divided into work preceding conmstruction, construction
and installation proper, and work following completion of construction and
installation work at the construction site. The period of creating and mas-
tering new production thus includes:

scientific research;

designing and manufacturing new equipment;

project planning;

construction and installation;

putting new facilities into operation;

enterprises reaching the production volume and technical-economic
indicators prescribed in the plan.

- This period can be represented in the form of a chart which takes into ac-
count the fact that a number of jobs are being done at the same time (Fig-
ure 1, following page). In the chemical industry, the preceding or prepa-
ratory stages average 5-8 years, sometimes longer. In this regard, 1-2
years is spent planning the enterprise and the remaining time is taken up
by research (including working out the technology and experiments) and in
designing and manufacturing nonstandard equipment. By the start of con-
struction, the site must have available to it the planning documentation
and equipment anticipated in ¢he plan. From three to five years must be
spent building and installing equipment for new production using existing
norms in the chemical industry.
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Figure 1. Creating and Mastering a New Production Facility
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Construction jobs

Equipment installation

Testing individual pieces of equipment

10. Comprehensive equipment testing

11. Trial start-up and check-out

12. Full start-up, to steady operating conditions
13. Production capacities

14. Technical-economic indicators

1. Scientific research
2. Designing and manufacturing new types of equipment
3. Planning new production
4. Construction
5. Start-up and adjustment
_ 6. Utilization
7.
8.
9.

After construction and installation are complete, start-up and adjustment
work begins to put the facility into industrial operation. The start-up and
adjustment work which results in putting production capacities into opera-
tion is the final 1link in creating new production. Then comes utilization
of the capacities and economic indicators of production already in operation.

The normative start-up and adjustment period is 3-6 months, and the master-
ing period -~ up to two years. The creation and mastering of new produc-
tion thus requires many years, and reducing the above-indicated periods is
of enormous importance to increasing industrial efficiency.

The effectiveness of new production is shaped at all stages of tﬁis work:

1. The SNiP [construction norms and regulations] currently set normatives
only for mastering production capacities. There are no normative per-
iods for mastering technical-economic indicators.
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at the planning stage, the technical foundations of the future en-
terprise with consideration of modern scientific and engineering require-
ments;

at the construction stage, previously developed planning decisions
are implemented; construction quality and duration influence effectiveness;

at the stage in which production capacities are started up, the
quality of the comstruction and installation work and of the equipment in-
stalled is checked; the quality of the equipment and technological process
check-out and the time involved in the start-up and adjustment work take on
special importance;

at the stage in which production capacities and technical-economic
indicators are mastered (in accordance with the indicators prescribed in the
plan), the time involved in reaching these indicators 1s very important.

The quality of the work done in preceding stages determines the level and
schedules for work in subsequent stages. Individual stages in the develop-
ment of new production are characterized by specific features.

As 1s evident from Table 1 [following page], construction accounts for 60-75
percent of the whole development period for a number of new production faci-
lities in the chemical industry, time expenditures on start-up and adjust-
ment account for 5-10 percent, and time spent on mastering capacities ac-
_ counts for 20-30 percent.
- During the construction period, capital investments are "frozen," withdrawn
from circulation, and it is only after the facility is put into operation
and its production and economic indicators are being fully utilized that the
national economy begins to obtain the effect anticipated by the plan. Thus,
society advances capital investments for a considerable time period in anti-
cipation of a long period of circulation in the future by obtaining a useful
effect expressed in growth in the social product.

Failure to meet construction schedules postpones the time when capital in-
vestments will be recompensed and in so doing increases the time lag before
the effect begins. The final moment is understood to be utilization of the
planned capacities and economic indicators. In other words, the full ecomno-
mic impact can be obtained only when the output volume, production profita-
bility, labor productivity and net cost anticipated in the plan have been
achieved. On the other hand, any reduction in the lag between capital in-
vestment and obtaining the effect leads to increased capital investment ef-
fectiveness.

Increasing construction duration generally makes it more expensive, since
some construction expenses are linked directly to comstruction time. Fifty
percent of all general overheads depends on construction duration. Calcula-
tions show that every 10-percent increase in construction time increases the
net cost of construction-installation work by 1-2 percent.

Accelerating the rate of construction and start-up of new facilities is ex-
ceptionally important from the viewpoint of using the achievements of
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Time Involved in Creating New Production in Individual Branches

of the Chemical Industry (Normatives), numerator = months, deno-

minator = percent
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[Key to Table 1, continued]

1. Sulphuric acid 8. Capron silk -
2. Ammonia 9. Cellulose acetate

3. Weak nitric acid 10. Resin

4, Ammonium nitrate 11. Vinyl acetate

5. Methanol 12. Caprolactam

6. Chlorine 13. Dyes, enamels, varnishes

7. Capron [nylon-6] cord

scientific and technical progress in production. During the course of plan-
ning enterprises, construction and technological decisions are generally made
at the level of modern scientific and engineering achievements. However,
during the creation of the facility newer and more progressive, more econo-
mical resolutions might arise. Facility construction and utilization delays
therefore cause equipment to become obsolescent and reduce the period of its
efficient operation.

The finish of capital construction and erecting the facility still does not
make it possible to begin operating the production facility. Before the
fixed assets created during the construction period can be put into opera-
tion, we are faced with checking the readiness of the equipment fur opera-
tion and adjusting the technological conditions and operation of all inter-
acting systems. And that is what start-up and adjustment work is. It oc-
curs only when putting new production capacities into industrial operation,
so work done during the start-up period is of a one-time nature.

Start-up and adjustment work has a dual purpose. On the one hand, it is con-
nected with the completion of capital construction and is a check of the in-
stallation quality and of the conformity of construction to the plan. On the
other hand, it is the initial stage in the operation of the facility, the
stage in which the workability and reliability of the planning resolutions
are checked.

In preparing and performing the technological process, start-up and adjust-
ment ensure and organize the initial stage of the operation period. In this
regard, they are closely associated with the period of utilizing a new faci-
lity; they precede it, and the mastering period depends to a considerable ex-
tent on the quality of this work.

- Only projects at which construction-installation work is finished and at
which production assets have been prepared to begin operating and can in
fact be operated can be considered finished.

After construction is complete, production must be set up, the required op-
erating speeds must be ensured, the prescribed product output and quality
and the necessary operating smoothness must be ensured, and additional ma-
terial and labor resources are directed into this work during the start-up
period.
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Start-up and adjustment begin when we switch over from testing individual
pleces of installed equipment, which completes the builders' work, to com-
prehensive equipment testing done for the entire technological system of the
production facility by enterprise operating personnel, with the participa-
tion of specialized start-up and adjustment subcontractor organizations.

Individual pieces of equipment are ordinarily tested either at idle or under
- load in inert media (water, compressed air). Construction must be complete
prior to testing individual pieces of equipment under load. Testing indivi-
dual pieces of equipment under load is the finish of equipment installation.
When individual types of equipment cannot be tested under load apart from a
complex of related equipment, the finish of installation work is considerad
to be the testing of individual types of equipment. Equipment installation
is thus a complex of jobs related both to assembling and instailing equip-
ment and to checking that it conforms to planning and technical resolutions.

The comprehensive equipment testing which begins the start-up period is done
in inert media, with subsequent changeover to operating media. It is the
purpose of this work to bring production up to planned operating conditions,

- with the release of test output as cutlined by the plan. Comprehensive test-
ing in inert media is done to check the quality of equipment installation,
reveal the ability of individual subassemblies and technological systems to
function, and adjust remote-control regulation and control systems.

The duration and type of comprehensive equipment testing depend on the na-
ture of the production. Wien the SNiP does not include comprehensive test-
ing recommendations for individual types of equipment, the duration is set
at a working level of 24-72 hours of normal uninterrupted operation of the
individual types of equipment under operating conditions prior to the start-
up and adjustment of the technological complex as a whole.

After eliminating bugs and making final adjustments on the equipment, the
entire producticn facility is started up, ending in the release of the first
test lots of quality output and putting the facility on a steady technologi-
cal operating routine. In a number of cases, workers from organizations
setting up the production and starting up the facility remain at the enter-
prise for 15 days after the initial lots are obtained to render technical
assistance, continue observing the production process, and making recommen-
dations to ensure uninterrupted operation and improved equipment operating
conditions.

It follows from the above that work in the start-up period includes:

1) comprehensive testing of individual types of equipment using in-
ert media to check the operability of all subassemblies of the technological
system;

2) trial start-up of individual technological stages, units and
production equipment using working media;

3) final adjustments and start-up of the whole facility, bringing
it up to a steady technological routine, and the trial release of quality
output as anticipated by the plan.
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In order to ensure the prompt, proper start-up of new capacities, production
start-up is preceded by work in the prestart-up period, when the engineering
inspection and preparation to release the facility to the customer take place.

In the prestart-up period, which begins while construction is still underway,
planning, construction and installation quality are monitored, as is equip-
ment quality, personnel are trained, and the thoroughness with which the fa-
cilities are being completed is checked.

The quality with which capacities are prepared for start-up is one of the
basic conditions for the successful putting of new production facilities into
operation. Planning documentation is reviewed during this period and the en-
terprise leadership is sent observations and recommendations regarding the
plan.

Changes are made in the technical documentation already sent to a contractor
for execution only with the permission of the ministry, with the submission
of materials to the all-union associations which will run that particular en-
terprise.

Therefore, when planning organizations do not agree with such observations,
the enterprise leadership appeals to the corresponding ministry all-union
association.

There is an engineering inspection of instaliation progress and the conform-
ity of the work being done to the plan, of the technically complicated in-
stallation of individual units, internal elements of apparatus and installa-

: tions, at the construction-installation stage. The work schedule notes each
unit of equipment installed, each technological subassembly.

Installation quality is checked in accordance with the technical norms and
conditions on installation. Flaws revealed are called attention to and must
be promptly eliminated.

Incoming equipment is also checked and inspected in the prestart-up period;
any structural shortcomings in technological, power and other types of equip-
ment are revealed.

In order to ensure high-quality preparation of production for start-up, there
is engineering monitoring of equipment pressure-testing by fitters and of the

= testing of utilities and individual pieces of equipment in accordance with
specifications and the SNiP.

Technological raw material, fuel, basic and auxiliary materials must be pro-
vided in accordance with plan requirements when preparing a project for
start-up: electric power, steam, water, compressed alr, waste water clean-
ing and purification facilities, stack gas cleaning devices, communications
and warning devices, living quarters equipment, personal protective devices
and work clothing. This ensures normal start-up and adjustment work.
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All start-up period work i3 done according to a schedule drawn up in the
form of a grid line graph or a calendar plan reflecting all work involved
in preparing the production for start-up and the start-up itself, and it
must indicate the schedules for performing individual work stages.,

The work procedure for the start-up period is indicated in a special instruc-
tion drawn up with consideration of all changes made in the plan in the pre-
start—up period. Organizational and technical documents are attached to the
start—up instruction: plans for (air) blast-cleaning apparatus and pipe-
lines, plans for starting up individual lines and units, and a list of all
the materials needed in the start-up period.

Under the "Rules for Accepting Finished Enterprises, Facilities, Shops and
Production for Operation in USSR Chemical Industry," operational technical
supervision of the entire complex of start-up and adjustment work is en-
trusted to specialized start-up and adjustment organizations.

After a project has been put into operation, representatives of these or-
ganizations, together with the enterprise, draw up a program for utilizing
the capacity and work to put the facility in steady production of output
coxresponding to the plan in terms of quality and quantity.

The entire complex of this work is called start-up and adjustment. In terms
of content and time of implementation, it is subdivided into engineering su-
pervision of the quality of the comstruction and equipment adjustment being
done, starting up the production, as well as assistance in utilizing the ca-
pacities. Table 2 diagrams this.

Table 2. Start-Up and Adjustment Work
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5. Planning documentation individual technological
lines

[continued on following page]
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{continuation of key to Table 2]
9. Final adjustment and comprehensive start-up of production
10. Technical assistance in utilizing capacities
11. Development of recommendations to ensure uninterrupted equipment
. operation

Start-up and adjustment work (PNR) can be done by individual production tech-
nical lines, by departments or sectors with a final technological cycle.
Start-up and adjustment are done both in building new production and when
renovating existing production. Start-up and adjustment work ends with re-

. lease of the facility for industrial operation based on a document from a
State Acceptance Commission.

The task of reaching planned power can be partially resolved for individual
types of equipment or at individual technological stages, and certain eco-
nomic indicators such as expenditure norms for raw material and enmergy and
for labor intensiveness can also be reached while production is still being
started up and adjusted.

Production facilities are accepted for operation only on the condition that
they are ready for release to the customer, that is, steady release of the
output anticipated in the plan has been set up on the equipment installed.
In this regard, a facility for which the entire complex of anticipated work

- has been carried out and release of the basic output has begun is considered
ready to begin operation. Installation defects and equipment bugs revealed
as a result of the comprehensive testing must be eliminated.

If several types of output are to be produced on the same equipment using
combined flow charts, comprehensive testing can be done just for the release
of any one product. For production consisting of several parallel, identical
flow charts, testing production using one flow chart in working media is per-
mitted. All other systems are tested in inert media.

As was noted above, start-up and adjustment work is the final link in the
process of creating a new facility.

From the moment the facility is released for industrial operation, it is the
period of production utilization, which is now the start of enterprise op-
erations.

In this period, a plan is approved for the enterprise, which must begin pro-
ducing output steadily in a volume and of a quality conforming to the plan
and must achieve the level of technical and economic indicators anticipated
by the plan. The utilization period includes technical, production and eco-
nomic utilization stages. The overall utilization period ends when the en-
terprise reaches the planned economic level.

A summary indicator describing the economic level of a new enterprise can be

set as a percentage of a standard, which could be the plan or indicators from
the best existing enterprise:

N 10
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- KlEm + KZEw + K3Ee

K1 + K2 + K3

where E; 1s the economic level of the new enterprise;

| 1s the proportion of expenditures on raw and other materials and
energy in overall expenditures to produce a particular product;

E 1s the economic-level of use of raw and other materials and en-
ergy;

K2 is the proportion of wages in overall production expenditures;
Ew is the economic level of worker use;

K3 1s the proportion of depreciation in overall production expendi-
tures;

Ee is the economic level of equipment use.
Consequently, the time from the day the document accepting the facility for
operation is signed until the facility reaches steady release of output in
the volume and with the economic indicators conforming to the plan should be
considered the normal duration of enterprise economic utilization. In this
regard, the duration of steady output is determined by the SNiP and the pro-~

- duction cycle; it is one month in branches with a short production cycle.

- Sometimes the utilization period is delineated by two dates:2 the period is
sald to start when the facility 1s started up for temporary operation, and
the end of the period is said to be the start-up of the fecility for contin-
uous operation. At the same time, this interpretation refers not to the
utilization process, but to the start-up period, as the utilization process
begins only when the facility is released for industrial operation, when the
enterprise is set a plan assignment for output release.

In spite of the fact that the normative period for utilizing new enterprises
is less than two years, in practice, the period needed to reach technical
and economic parameters stretches out to 5-7 years. The utilization of de-
signed capacity in terms of production volume and the attainment of other
technical and economic indicators often do not coincide. Thus, according

1. V. s. Sominskiy, "Ekonomika khimicheskoy promyshlennosti" [Economics of
the Chemical Industry], Moscow, Izd-vo Vysshaya Shkola, 1969, pp 333-334.

2. R. M. Merkin and G. V. Nikolayeva, "Methods of Setting Norms for and
Planning the Economic Utilization of New Enterprises," in "Sb. nauchnoy
informatsii 20. Metody i praktika opredeleniya effektivnosti kapital'-
nykh vliozheniy i novoy tekhniki" [Scientific Information Handbook No 20.
Methods and Practice of Determining the Effectiveness of Capital Invest-
ments and New Equipment], Moscow, Izd-vo Nauka, 1972, p 47.
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to USSR Central Statistical Administration data, output net cost corresponds
to the planned level at only nine of every 50 new chemical enterprises.

In some instances, this is to be explained by errors in calculations of in-
dicators at the planning stage. It sometimes happens because of planning
confusion at the new enterprises: setting unsubstantiated plan assignments
or a lack of coordination among the various planning indicators. At the
same time, it is hard to count on the planned technical and economic indi-
cators to serve as a realistic basis for planning 10-12 years after they
were calculated. That is approximately how much time passes from plan ap-
- proval to the start-up of a new facility for indusirial operation.

The reasons for slow utilization generally emerge long before the start of
enterprise operations, that is, at the planning and construction stage. Fu-
ture enterprise production activity depends on the extent to which defects
in plans, equipment and installation are revealed and eliminated, on how
well technological conditions are set up.

In terms of time involved and expenditures, start-up and adjustment for chem-
ical production facilities in a number of foreign countries are capital con-
struction. This testifies to the fact that the companies are guaranteeing
that all the indicators anticipated in the plan will be reached immediately
after the facility is released for operation.

Installation and adjustment are a single, continuous process without whose
final completion industrial operation of new capacities is impossible.

According to the SNiP, "completed production facility comstruction projects
are accepted for operation by the State Acceptance Commission only if the
release of output anticipated by the plan has begun on the equipment instal-
led and the facility is ready for operation."

The construction normslanticipate a time for starting up production, but in
practice, no time remains for equipment testing after the builders finish

the installation work, so it is handed over to the customer. What happens is,
construction is complete, but the facility is not ready to be put into oper-
ation. In this connection, V. P. Krasovskiy notes quite correctly that,
"given the availability of highly skilled operating personnel, the utili-
zation period could be eliminated entirely if the builders and installers
would release to them output ready for operation at full planned capacity."

2. Responsibility of Those Participating in Creating New Capacities

The creation of new capacities signifies technical actualization of scien-
tific and engineering schemes which are a result of the joint activity of

1. "SNiP III-A.33-66," paragraphs 2 and 5.

2. KOMMUNIST, No 12, 1975, p 47.
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the collectives of planning, construction-installation, start-up and ad-
justment organizations and the personnel of the new production facility it-
self.

Various organizations bearing a certain responsibility for the work they are
doing are involved in all stages of creating new production.

According to the 28 May 1969 CPSU Central Committee and USSR Council of Min-
isters Decree "On Improving Estimate Planning," planning organizations are
obligated to organize planning on the basis of maximum consideration of the
latest achievements of science and engineering in order that enterprises be-
ing built or renovated will be technically advanced at the time they are put
into operation and have high indicators in terms of labor productivity, pro-
duction net cost and output quality.

= Planning organizations consequently are responsible for the correctness of
planning resolutions, planned installed capacity, and technical-economic in-
dicators. The general planner exercises authorship supervision of observ-
ance of plan assignments and blueprints. For the most important planning
projects, authorship supervision 1s also exercised after the enterprise be-
gins operating, until the facility reaches planned capacity. Planning or-
ganization representatives participate in accepting a facility for opera-
tion and offer consultation on problems requiring refinement, on changes
and corrections during start-up and utilizationm.

Subcontractor construction and installation organizations are responsible
for performing construction and installation work in the least amount of
time and in accordance with the plan and for ensuring suitable quality.

The general contractor and his subcontracting organizations install and
test equipment following the requirements of part III of the SNiP and the
technical requirements and conditions agreed to by the planning organiza-
tions and the plants manufacturing the equipment.

The manufacturers of special or unique equipment are responsible for ad-
justing technological processes. Equipment suppliers oversee the installa-
tion (installation supervision) or entrust it to specialized organizations,
based cn agreements drawn up.

After installed equipment is released to the enterprise, construction-instal-
lation organizations are obligated to conduct individusl testing to eliminate
installation bugs and defects which have been discovered. Then a document

is drawn up transferring the equipment from the general contractor to the
customer, the enterprise.

The enterprise is responsible for prompt preparation of the facility to pro-
duce output at the capacities being put into operation, for staffing, for
supplying raw and other materials, tools and energy resources, for start-up
and adjustment work.
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Jointly with planning, contractor, construction-installation, start-up and
adjustment organizations and, when necessary, plants manufacturing special
or unique equipment, the enterprise is responsible for putting facilities
into operation and utilizing planned capacities within the time periods an-
ticipated in the norms currently in effect.

These are the requirements and obligations stipulated in the instructions
for organizations participating in the creation of new production. Unfor-
tunately, planning and construction organizations and machine builders sup-
plying equipment do not guarantee the release of output or the reaching of
planned technical and economic indicators at new facilities. This appre-
ciably reduces their responsibility for the indicators outlined.

Under the established rules, after the general contractor hands over to the
customer installed and individually tested equipment, the customer must do
the start-up and adjustment work on the technological equipment, including
comprehensive testing of the entire production flow chart, to ready the fa-
cility for release to begin operating. In order to do this work, he calls
in specialized start-up and adjustment organizations, and representatives of
planning and contractor construction-installation organizations also parti-
cipate.

In accordance with the normatives, the schedules and procedures for the
start-up and adjustment work and a list of persons responsible for carrying
it out are established by order of the enterprise director for each produc-~
tion facility. Based on that order, operational technical supervision of
start-up and adjustment work is entrusted to a specialized start-up and ad-
justment organization, but the overall administrative supervision of the
work remains the task of the chief engineer of the new or renovated enter-
prise. One example of the participation of different organizations in
starting up a production facility is represented in the diagram in Figure 2.

Figure 2. Participation of Organizations in Creating New Production
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Key (to Figure 2, preceding page):

1. USSR Council of Ministers decree

2. [illegible] of existing enterprises

3. "Khimmontazh"

4. All-Union Scientific Research Institute of Very Pure Chemical Rea-
gents

5. Giprokhimreaktivov

6. Angara Chemical Reagents Plant

7. Angara Construction Administration
8. Promstroyproyekt

9. Giprogaztopprom

10. "Elektromontazh"

11. Proyektstal'konstruktsiya

12. Teploelektroproyekt

13. '"Liftmontazh"

14, "Teploizolyatsiya"

15. "Orgkhim" Start-Up and Adjustment Administration

The interaction between enterprise production-operations personnel partici-
pating in the start-up of production and specialists of the start-up and ad-
justment organization involved are stipulated in the "Staff Workplace Sub-
stitution Record,"” which outlines for the start-up period a precise distri-
bution of specialists by specific workplace and distributes the functions
and duties anticipated in the production instructions, regardless of what
organization a given worker is a part of.

According to the "Staff Workplace Substitution Record" drawn up by the leader
of the start-up and adjustment subunit and approved by the enterprise direc-
tor, all work in the start-up pericd is done following the following scheme:

Overall technical and administrative supervision of work at a new pro-
ject being put into operation during the start-up period -- Chief Engineer
of the enterprise;

Immediate supervision of start-up work -- a technical start-up leader
designated by the enterprise;

Operational supervision of all production-process operations -~ Senior
Shift Chief;
The work itself -~ Senior Instrument Control Man, Senior Machine Opera-

tor, Senior Laboratory Worker, instrument control man, machine operator, la-
boratory worker;

Operational supervision of all shop, department and sector operations —-
shop, department or sector shift chief.

The above scheme anticipates that instructions will emanate from above and
that permission for operations will be received from below under a strict
procedure. The start-up technical supervisor, in order to ensure unity and
precision of leadership, does not have the right to give operational instruc-
tions to a shop shift chief, who in turn is obligated to coordinate all his
own actions with the senior production shift chief. Only the shift chief
issues instructions to specific individuals at the workplace.
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Production leaders are obligated to ensure normal operation in the sectors
subordinate to them during the start-up period -- supplying raw material

and power, sending on finished output, stopping and starting up equipment.
When the start-up of several shops 1s done on a one-time basis, shift chiefs
must coordinate the start-up sequence in each shop. In this instance, over-
all supervision of the start-up is done by the senior shift chief through
the appropriate shift chiefs. A working commission is created to prepare
the facility for release to the customer for operations. It is designated
well in advance of acceptance of the facility for operation, at a time which
depends on the nature and complexity of the production.

After the individual testing done by the installation organization is com-
plete, the equipment is accepted by the working commission for comprehensive
testing. The working commission is created by the customer no later than
five days after it has been informed that the equipment is ready for com-
prehensive testing. Subcommissions can be created for each individual shop
or installation comprising an industrial complex. The working commission
includey:
a representative of the directorate of the enterprise being built or re-
novated; that representative is the commission chairman;
specialists from among enterprise ~.ndustrial-production personnel: the
chief engineer, the chief mechanic, the chief power engineer, the shop chief
and the equipment safety engineer;
representatives of the planning organization, the general contractor and
- subcontractor organizatioms;
representatives of organizations involved in the start-up and adjustment
work;
- representatives of the trade union council's technical inspectorate and
the enterprise trade union organization.

The working commission is obligated to check:

conformity of the construction-installation work done to the approved
plan;

individual components, subassemblies and equipment;

installation quality;

the provision of the start-up complex with material resources and per-
sonnel.

After comprehensive equipment testing and the entire complex of start-up and
adjustment work are complete, the working commission checks work quality, de-
cides the readiness of the equipment for acceptance for operation, and sub-
mits the facility to a State Acceptance Commission.

The State Acceptance Commission accepts capacities for operation after fi-
nal installation of all equipment and completion of start-up and adjustment
work. Individual auxiliary installations of the system which comprise the
start-up complex but which do not participate directly in producing the out-
put anticipated by the plan (such as power plants and pump stations, com-
pressors, warehouses, maintenance shops, access roads, and so on) are ac-
cepted for operation on the basis of their readiness by working commissions
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prior to acceptance of the facility as a whole by the State Acceptance Com-
mission. The date the document releasing facilities for operation is signed
by the working commission is considered the date the individual auxiliary
installations begin operation.

The State Acceptance Commission is designated by a superior organization no
later than three months prior te the established start-up of the facility
for operation to accept production facilities or start-up complexes:

by a ministry when the estimsted cost of the facilities is 2.5 million
rubles or more;

by a ministry all-union association when the estimated cost of facili-
ties subordinate to them is 500,000 to 2.5 million rubles;

by the enterprise director when the estimated cost of the facility is
under 500,000 rubles.

Participating in the State Acceptance Commission are a representative of the
ministry (chairman), representatives of the directorate of the new enter-
prise, the general contractor, the general planner, the bank financing the
project, and the State Construction Architectural Control agency.

The production facility is submitted for acceptance for continuous operation
by the working commission to the state commission in accordance with the
"Rules for Accepting Completely Built Enterprises, Facilities, Shops and
Production of the USSR Chemical Industry for Operation' and SNiP (10)-(III-
66) only after it has been brought up to steady operating conditionms.

The State Acceptance Commission checks the conformity of start-up complex
capacities to planned and actual construction cost and the approved esti-
mate; it evaluates the new facility in terms of progressiveness of techno-
logical production processes and makes suggestions on improving the opera-
ting qualities of the equipment installed and on increasing production pro-
fitability. Changes in production capacities which were anticipated by the
plan and in other technical and economic indicators are generally not per-
mitted in accepting a production facility for operation. They can be in-
troduced into the plan in exceptional cases, as for example, accepting a
facility for operation using a temporary or abbreviated flow chart, with
the permission of a superior organization and with the concurrence of the
USSR Gosplan and Gosstroy. The date the document is signed by the State
Acceptance Commission is considered the date the start-up period ends and
the facility begins continuous industrial operation. A diagram of accept-
ance of a facility for operation is given in Figure 3 [following page].

Thus, the start-up period begins after construction-installation work is
complete and ends with release of the facility for continuous industrial
operation, when a plan is set the enterprise in accordance with the ac-
cepted capacity.

The "fixation points” of the start of the start-up period are the date the
working commission signs the document releasing the facility to the customer
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and the end of the start-up period is the date the State Acceptance Commis-
sion signs the document putting the capacities into operation.

Figure 3. Diagram of Acceptance of a Start-Up Complex for Operation
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Key (to Figure 3, preceding page):

1.
2.

10.
11.

12.
13.
14.
15.

17.

19.
20.
21.

22.
23.

24,

25.

Special work preceding general installation

Document of equipment readiness for special work, drawn up by (1)
installation organization, (2) plant technical supervisor's of-
fice, (3) special work organization

Document accepting work done, drawn up by (1) special work organi-
zation, (2) plant technical supervisor's office, (3) installation
organization

Equipment installation

Testing individual equipment at idle

Test results document, drawn up by (1) installation organization, (2)
plant technical supervisor's office (customer)

Individual testing of tanks and apparatus for tightness and soundness

Order creating test acceptance commission, issued jointly by (1) the
plant director (customer), (2) the general contractor

Testing individual equipment at load

Eliminating installation defects

Order creating the working commission, issued by the plant director
(customer)

Test results document, drawn up by a commission designated by the
plant director and the basic contractor

Document accepting equipment for adjustment, drawn up by (1) plant
representative, (2) adjustment organization representative

Document accepting adjustment work, drawn up by by (1) adjustment
organization representative, (2) plant representative

Start-up and adjustment work and check tests of equipment

Eliminating adjustment defects

Determining equipment readiness for comprehensive testing; (a) first
start-up of equipment at idle, (b) first start-up of equipment at
load

Document of equipment readiness for comprehensive testing, drawn up
by the working commission

Comprehensive equipment testing, (a) testing at idle; (b) testing
at load

Report that the facility is ready for operation, (1) plant director-
ate, (2) general contractor

Document of facility readiness for submission to a state commission,
drawn up by the working commission

Elimipnating installation and adjustment defects

Order designating the State Acceptance Commission, by the Ministry
of Chemical Industry

State Acceptance Commission acceptance of the start-up complex for
operation

Document accepting the facility for operation, drawn up by the State
Acceptance Commission

Release of finished output as anticipated by the plan

Report of the State Acceptance Commission chairman

Ministry of Chemical Industry decision to approve the document of
the State Acceptance Commission '
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Under the provisions in effect, the enterprise at which the production is
being introduced is responsible for starting up newly created production.
The enterprise accepts capacities ready for operation from the builders.

In order to increase the responsibility of the builders for the work done
by them, we think a facility should be transferred to the customer not af-
ter the installation work is complete, but only after the complex of start-
up period work has been done. Were this the case, a construction organiza-
tion would act as a general contractor, involving specialized organizations
in performing the start-up and adjustment work and guaranteeing the release
of capacities ready for operationm.

3. Start-Up Facility

We should make clear what we mean by start-up facility. A number of con-
cepts, such as construction site, start-up complex and construction project,
are used in planning practice and construction.

The start-up complex is an aggregate of facilities (or portions thereof) of
basic, production and auxiliary designation, of power, transport and ware-
housing systems, communications, utilities, purification facilities and pub-
lic amenities which ensure the release of output as anticipated by the plan
for a given start-up complex and ensuring normal working conditions for ser-
vicing personnel in accordance with current norms.

There can be several complexes at one construction site, each of which is an
independent facility.

The aggregate of buildings and installations whose comstruction, expansion
or renovation is, as a rule, carried out in accordance with one set of es-
timate planning documentation is called a construction site.

A construction project is each separate building or installatiom, with all
the equipment, subsidiary and auxiliary structures and supply lines related
to it as anticipated by the plan. One shop or several shops can be construc-
tion projects.

An enterprise is often put into operation not as a whole, but gradually, by
start-up line, each of which can include individual production facilities,
shops or shop sections. The sectional start-up of individual types of equip-~
ment is economically advantageous, since it permits working out start-up ac-
ceptance and utilization for a small number of units and sharply rediuces the
time and expense involved in mastering subsequent sections.

1. The definitions following are given in "Metodicheskikh ukazaniyakh k raz-
rabotke Gosudarstvennykh planov razvitiya narodnogo khozyaystvo SSSR"
[Methods Instructions for Working Out State Plans for Development of the
USSR National Economy], Moscow, Izd-vo Ekonomika, 1974, pp 281-282.
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Start-up by shop is possible where each shop has a finished production cycle.
A majority of the enterprises of chemical industry and branches related to
it are put into operation by production facility producing a certain type of
finished product.

A production facility is accepted for operation only if release of the out—

put anticipated by the plan has begun on the technological equipment instal-
led.

In any start-up method, the appropriate start-up complex composition, the
aggregate of basic and auxiliary production facilities, must be ensured.

Start-up completeness is achieved not only given a certain production compo-
sition, but also given a certain sequence of start-up of individual shops or
portions of shops in each start-up line. In those instances when a facility
consisting of a number of independent flow charts is released for operation,
they can be accepted for operation as they become ready, on the condition
that production is operating normally and that purification facilities and
utilities are ready and all labor-protection and equipment-safety norms are
being followed.

When enterprises are installed by start-up line, more funds are usually spent
to create auxiliary-system reserves when building the first lines and putting
them into operation. Construction of the second and subsequent lines is less
expensive (approximately 75-80 percent of the capital investments antici-
pated).

Usually, the first line is released for operation, the enterprise becomes an
operating concern, it does its basic activity, and at the same time capital
construction continues. Given such construction practices, it is sufficient
to invest 20-25 percent of the average estimated cost for the enterprise to
begin producing output. This method speeds up the process of utilizing new
capacities. It is therefore a mistake to view production start-up and util-
ization schedules apart from the conditions under which facilities are being
created.

The gap between times of release of individual lines is sometimes very large,
which makes it hard to evaluate the enterprise as a new entity. In view of
the large gap in times of release of facilities, we should speak not of "new
production'” but, as Z. P. Korovina recommends, of "a newly operating facil-
ity."

Calendar time since the start-up of a facility alone is inadequate to define
the concept of "mew production.” Consideration should be given to the new-
ness of the output and the level of the equipment being introduced.
Production based on the following should be considered new:

manufacturing output not previously produced by that enterprise;

using technological processes which substantially alter output manufac-
turing technology;
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use of equipment which substantially alters enterprise techmical and
economic indicators;
new production organization.

At present, we are using a new-output gradation which corresponds to the es-
sence of the process cf up-dating and developing production. It consists
of dividing enterprise output into:
1) own new output having no analogs, output being manufactured for the
first time in the USSR;
2) new output having prototypes, but substantially different from them;
3) output improved in part, with retention of basic characteristics.

Renovated enterprises can also be newly operating facilities. According to
the "Methods Instructions for Developing State Plans for USSR National Eco-
nomic Development," renovation and expansion include the construction of new
and expansion or reorganization of existing shops and installations at ex-
isting enterprises whi_h is done following a single plan or plans and esti-
mated for individual facilities, as well as the continuation of comstruction
of a new enterprise based on a plan which has been changed since capacities
ensuring the release of basic finished product were put into operation.

Renovated production ordinarily includes that in which the coefficient of
fixed assets renewal as a result of capital expenditures made is 0.4 to 0.6.

Fxpansion includes the construction of second lines or new shops on the site
of an existing enterprise, as well as the start-up of units in order to re-
lease additional output in short supply. Production renovation, along with
new construction, is one method of increasing capacities. It generally per-
mits ensuring output increment more quickly with proportionately fewer ca-
pital investments. However, if a significant portion of the renovation al-
locations goes not to up-date equipment but to radically restructure produc-
tion buildings, the subsidiary and warehousing system, a high proportion of
construction-installation work in renovation expenditures reduces its eco-
nomic effectiveness. For the chemical industry as a whole, the intensive-
ness of renovation and expansion of existing enterprises is higher than the
construction of new ones, as is borne ocut by the coefficient of capacities
start-up, which describes the ratio of cost of fixed assets introduced to
volume of capital expenditures.

Thus, the coefficient of capacities start-up in chemical industry in 1961-
1965 was 0.9 for renovated and expanded enterprises and 0.55 for new enter-
prises; in 1966-1970, the figures were 0.97 and 0.87, respectively.

In accord with the definitions given, a facility subject to start-up is un-
derstood to mean new or renovated production which can be an entire indus-
trial complex, enterprise, individual enterprise lines, or a shop with a
finished production cycle.

Section 2. Specialized Start-Up and Adjustment Organizations.
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The considerable capital investments being directed into developing indus-
try and increasing the number of facilities being put into operation, on the
one hand, and technical progress in industry leading to increased unit capa-
city and process speeds, to increasing complexity of flow charts and a ris-
Ing level of production process mechanization and automation, on the other,
necessitate involving new, specialized start-up and adjustment organizations
in starting up and adjusting new production.

The creation of start-up and adjustment organizations was outlined by the

11 January 1963 CPSU Central Committee and USSR Council of Ministers Decree
"On Increasing the Role of the State Committees and Their Responsibility for
Developing Branches of Industry."

Positive experience in starting up and adjusting technological installations
of petrochemical and oil refining industry, which the ''Orgneftezavody" of-
fice has been involved in since 1952, has been the basis for creating start-
up and adjustment organizations in all branches of industry.

The involvement of specialized organizations using more improved methods of
doing start-up and adjustment work. These organizations are staffed by
skilled adjusters (engineers, technicians).

A three-link management system is characteristic of a majority of the start-
up and adjustment organizations; a lead start-up and adjustment organization
(trust, office, association) subordinate directly to a ministry or depart-
ment is the basic economic 1ink. Included in the lead start~up and adjust-
ment organization are start-up and adjustment administrations, which in turn
include sectors, groups and brigades, that is, individual production sub-
units directly involved in start-up and adjustment work at the facilities.

The start-up and adjustment organizations are primarily enterprises of the
given branch and are called on to solve a whole complex of technical prob-
lems. They are fully specialized to perform start-up and adjustment work.

In the chemical industry, the State All-Union Engineering-Technological
Trust (Orgkhim) of the USSR Ministry of Chemical Industry, created in 1963,
is concerned with start-up and adjustment work at newly operating facili~-

. ties and with rendering technical assistance to existing enterprises.

Along with the Orgkhim, a number of planning organizations also participate
in the start-up of new chemical industry production. Thus, since 1965, in
the Lenniigiprokhim, State Committee for Chemical Industry, attached to
the USSR Gosplan, has been entrusted with start-up and adjustment work for
the complex of planning developments done by them. In this connection, a
start-up and adjustment administration (UPNR) has been created under the
Lenniigiprokhim.

The Union "Orgneftezavody" office is an organization which has accumulated
considerable experience both in starting up new petrochemical and oil
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refining enterprises and supervising and adjusting operating procedures at
exlsting installations with a view towards using them efficiently.

The All-Union "Orgbumdrev' association, which operates under the "Regula-
tions cn Procedures for Performing Start-Up and Adjustment Work by the All-
Union 'Orgbumdrev' Association at Enterprises of the Ministry of Pulp and
Paper Industry," starts up enterprises of the lumber, pulp-paper and wood-
processing industries.

Along with the indicated specialized organizations, the USSR Ministry of
Installation and Special Construction Work has trusts designed to adjust
and start-up new production capacities.

There is also a broadly specialized type of organmization which has no par-
ticular specialty and which performs several types of work on a facility,
such as installation and repair and the associated start-up and adjustment.

Machine building has no specialized start-up and adjustment organizations
starting up production facilities as a whole. However, the design bureaus
and plants assigned to them participate in starting up equipment designed
and manufactured by them in industrial operation on a lead-prototype basis
by exercising authorship supervision of their development. Thus, for ex-
ample, experimental plants of a number of ministries are permitted to in-
clude in the cost of the equipment manufactured by them expenditures on its
start-up and adjustment, which comprise 20-25 percent of total expenditures
on the equipment.

The technological planning institutes and technological-design bureaus ren-
der enterprises technical assistance in utilizing planned capacities when
introducing new technological procedures, processes and equipment. Thus,
for example, a department concerned with starting up and adjusting new de~
velopments has been created within the Central Technological Design Bureau
of the Latvian SSR Ministry of Building Materials Industry. Introduction
work comprises 10-20 percent of the total cost of a development.

The experience of the All-Union Technological Planning Institute of Foundry
Industry (VPTIlitprom) 1is very interesting. The VPTIlitprom plans start-up
and adjustment work, supervises observance of the plan, treats start-up and
adjustment work in progress, consults, and provides additional instruction
to servicing personnel at the workplace.

These plans anticipate:

the participation of planning and design organizations, equipment manu-
facturing plants and construction-installation organizations in start-up and
adjustment work;

the responsibilities and interaction of the organizacions and the extent
and nature of their participation;

the system of organizing equipment start-up and adjustment and of intro-
ducing technological processes at all stages of the technological process;

2L
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the procedure for calculating start-up and adjustment expenditures and
for drawing up documentation for this work.

At the plan development stage, the VPTIlitprom draws up a loose financial
estimate for the start-up and adjustment work, which outlines a plan for
organizing the work on putting the enterprise into operation; this com-
prises in cost terms approximately one percent of total estimate expendi~
tures. The leader of the comprehensive start-up and adjustment brigade
creaved from among institute specialists is the authorized representative
for the production start-up period.

The basic task set by the institute in developing plans for organizing
start-up and adjustment work at enterprises of the foundry industry is to
meet conditions for reducing to a minimum the time involved in putting the
facility into operation.

This experience has unfortunately not found the proper support and dissemi-
nation, which is connected in considerable measure with shortcomings in fi-
nancing and determining expenditures on start-up and adjustment work.

The literature has a number of recommendations on improving work organiza-
tion in the start-up period. Thus, Z. P. Korovinal thinks it necessary to
draw up an organizational plan (a plan for organizing the preparation,
start-up and utilization of planned capacities) in the facility planning
stage. It is the author's opinion that this must be done by special plan-
ning institute departments comprised of skilled specialists with a great
deal of experience in organizing start-up.

The organizational plan must cover the time from the start of development
of the technical plan to reaching planned technical and economic indicators
and must contain these sections:

1) methods of putting the enterprise into operation;

2) organizing preparation of the enterprise for start-up;

3) content and duration of the start-up period;

4) organizing utilization of start-up lines.

Of interest in foreign publications are works in which it is recommended,
for prompt and proper start-up, that a program for implementing the start-
up be developed in advance and include staff, organizational measures, the
preparation of working instructions, completing construction work, and or-
ganizing initial adjustment operations when starting up new facilities.2

1. "Methods and Practice of Determining the Effectiveness of Capital In-
vestments and New Equipment," in "Sb. nauchnoy informatsii 20" [full
title in footnote 2, p 12}, Moscow, Izd-vo Nauka, 1972, p 60.

2. E. Troyan, "How to Prepare the Starting of Chemical Industry," in CHEM-
ICAL ENGINEERING, 67, N 18, 1960.
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Along with the large specialized start-up and adjustment organizations serv-
ing entire branches, several start-up and adjustment organizations belong-
ing to various departments also often do start-up and adjustment work at
large construction sites. For example, simultaneously with Orgkhim produc-
tion administrations, the Belpromdaladka Trust, Khimremstroymontash Trust,
Sevzapmontazhavtomatika Trust and others did start-up and adjustment work

on the Gronenskiy Chemical Combine.

The fact that there are a large number of small, departmental organizations
is unjustified in a majority of cases. These organizations are poorly pro-
vided with equipment, have poorly skilled workers, and generally their ser-
vices are high in cost. It has been estimated that the unification and con-
solidation of such organizations in the Belorussian SSR alone would enable
us to save a million rubles per year and to simplify the administrative ap-
paratus by 300 persoms.

The involvement of several similarly specialized organizations in starting

up a facility testifies to a lack of precise centralized planning. At the

same time, the plans for utilizing capital investments and putting new pro-
duction capacities into operation must be coordinated with the need for the
services of specialized start-up and adjustment organizations. In drawing

up such plans, capital construction plans are used as the base, wherein an

assignment for putting production capacities into operation is set for each
facility. '

Afraid of high start-up and adjustment expenditures if specialized organi-
zations are involved and of high net cost during the utilization of new pro-
duction, enterprises sometimes start up production using their own efforts.
This obviously lowers work quality, schedules for putting facilities into
operation are often not met, and the time involved in utilizing new produc-
tion increases. The Ministry of Chemical Industry obligates enterprises to
use the Orgkhim All-Union Engineering-Technological Trust's technical assist-
ance in starting up new production and to submit applications at the proper
time for including them in the start-up and adjustment plan.

Orgkhim specialists are called on to do start-up and adjustment work at new,
expanded and renovated production facilities, on individual units and pieces
of complex technological equipment, technological installations, air condi-
tioning units, pneumatic tramsport, ventilation systems, waste water purifi-
cation facilities, check and test point systems, and automatic machines.
Their participation in doing individual types of work is shown in Figure 4
[following page].

Such broad specialization in organizing the start-up of newly operating pro-
duction and of individual systems in it is reflected in how the structure

of production administrations is shaped.

The Orgkhim Trust consists of six branch (OPU) and four specialized (SPU)

production administrations. The branch administrations cover such branches
of chemical industry as nitrogen, chlorine, basic chemistry, chemical fibers,
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- Figure 4. Structure of Work Done by the Orgkhim, in percent
Key:

1. Adjusting the check and test point system and automatic machinery,
14,2 percent i

2. Start-up preparation, start-up and utilization of production, 21.5
percent

3. Start-up of water circulation systems, 2.5 percent

4. One-time engineering services, 1.7 percent

5. Start-up of technological stages and individual units, 14.2 percent

6. Technical assistance to existing enterprises, 14.1 percent

7. Adjusting ventilation systems, pneumatic transport and air condi-
tioning, 16.8 percent

8. Starting up boiler rooms, refrigeration and compressor stations, 9.6
percent

9. Starting up complex purification installations, 5.4 percent

lacquers and dyes, plastics and their processing, paints and organic pro-

ducts, production of household chemicals and chemical reagents.

The parti-

cipation of Orgkhim specialists in starting up new production in individual
branches of the chemical industry is shown in Figure 5.

Figure 5.

Orgkhim Participation in Starting Up Facilities, By Branch of the
Chemical Industry, in percent [key on following page]
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(121;5%1/ ﬁmmgi%?(lg)
K< b
3 (2)
oM
(1 uﬂmu,
i, (3)
10
(10) | Gewotieid tums i :f ( )
Anapio ‘gg
) L/ (/8 EE
As0mHod Hmy gg-
poNsenRERHECMY &3
SJE
i,
(8) %%7)

27
FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040039-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040039-2

FOR OFFICIAL USE ONLY

Key (to Figure 5, preceding page):

- 1. Photographic chemicals 9. Nitrogen industry
- 2. Household chemicals 10. Basic chemistry
3. Reagents 11. Mining chemical industry
4. Horticulture 12. Aniline industry
5. Fiberglass 13. Paints
6. Chlorine industry 14. Plastics
7. Inorganic chemicals 15. Chemical fibers
8. Organic synthesis

The specialized Orgkhim administrations are concerned with preparing and
starting up check and test point systems and automatic machinery, ventila-
tion and air conditioning systems, gas and industrial waste water purifica-
tion systems, at enterprises being put into operation. The Orgkhim struc-
ture (Table 3) is one way of combining branch and territorial management of
start-up and adjustment work.

Table 3. Structure of Orgkhim Production Administrations, by amount of work
done and by number of personnel

2 Y 4
%‘)}mu:unnc‘mcmmc ynpanacumsa (Okzben pubor ,','5’?3,::::“ Bu|§t60)'mn.
Oprausa . B % K HTOTY | 5 9k wvory pyG.-ven.
5 Basantuxiicsoe 7.5 6,6 5089
6 Ilsepkunckoe | . 7.5 6,9 4860
7 Jloaroupymnenckoe . 8 7,2 4992
8 Kuencgoe . e 5,4 10 2429
9 KyfiGuniesckoe . . . . 7,5 6,8 4931
10 Wnano-pankonckoe 4,8 4.8 4494
11 JhoGepenkoe . . . . . . 18 17,8 4513
12 Murtnmanckoe . ., . 10,1 9,3 4790
13 Cencposnonenkoe . . 14,5 14,3 4514
14 Uepkacekoe . . . . . . 7,9 7.7 4599
15 sipocaanckoe 8,7 8,8 4428

Key:
1. Orgkhim production adminicstration 9. Kuybyshevskoye
2. Work volume, in percent of total 10. Ivano-Frankovskoye
3. Personnel, in percent of total 11. Lyuberetskoye
4, Output, in rubles per person 12, Mytishchinskoye
5. Balashikhinskoye 13. Severodonetskoye
6. Dzerzhinskoye 14. Cherkasskoye
7. Dolgoprudnenskoye . 15. Yaroslavskoye
8. Kiyevskoye

Trust administrations are situated in individual industrial centers (regions)
and are specialized to start-up the basic or auxiliary systems of new or re-
novated enterprises. Several production administrations often participate
in starting up a facility. Thus, for example, the Cherkasskoye branch pro-
duction administration started up the viscose staple production at the So-
kal'skiy Chemical Fibers Plant and the Lyuberetskoye specialized production
administration started up the check and test point systems and automatic ma-
chinery.
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The Cherepovetskiy Nitrogen Fertilizer Plant is an example of the partici-
pation of various Orgkhim production administrations in starting up a new
facility: 104 people from the Severodonetskiy OPU were involved in start-
ing up the weak nitric acid production; 69 people from the Lyuberetskiy SPU
were involved in starting up the check and test point systems and automatic
machinery; 27 people from the Balashikhinskiy SPU were involved in starting
up the compressor equipment and air distribution unit; 12 people from the
Mytishchinskiy OPU were involved in starting up sulfuric acid production;
four people from the Yaroslavskiy OPU were involved in starting up the in-
dustrial ventilation, and four people from the Kiyevskiy SPU were involved
in starting up the waste water purification system.

Orgkhim branch production administrations are specialized to prepare, start-
up and utilize the following types of production:

Dzerzhinskoye OPU -- caprolactam;

Dolgoprodnenskoye OPU ~~ organic products and paints;

Kuybyshevskoye OPU -- toxic chemicals and their by-products, detergents,
acetic acid;

Mytishchinskoye OPU -- basic chemical industry (sulfuric and phosphoric
acid, salts, basic sulfur, superphosphate, fertilizer mixtures and others),
iodine and bromine, and enriching nonmetallic minerals;

Severodonetskoye OPU ~- ammonia, nitric acid, carbamide, methanol, ammo-
nium nitrate and other products of nitrogen industry;

Cherkasskoye OPU -- synthetic and artificial fibers, fiberglass and fi-
berglass materials;

Yaroslavskoye OPU -- lacquers, dyes, enamels, pigments and fillers;
testing and adjusting industrial ventilation, air conditioning and noise-
level systems, gas and dust levels in production premises;

Soligorskoye OPU -- mining chemistry.

Specialized production administrations (SPU) do the following preparation,
start-up and adjustment:

Balashikhinskoye SPU -~ air-distribution, gas-distribution and refrigera-
tion installations of all types, pump and compressor equipment, thermal en-
glneering installations;

Kiyevskoye SPU -- industrial waste water purification facilities and re-
verse water supply systems;

Lyuberetskoye SPU -- check and test point systems and chemical production
automatic machinery, quality control devices (chromatographs, mass spectro-
meters and others), electrical engineering installations, dispatching and
computer centers at chemical enterprises.

Production cooperation among the specialized and branch Orgkhim administra-

tions performing the start-up and adjustment work is anticipated for perform-
ing the entire work complex.

The customer is the enterprise, which is obligated prior to the start of the

work to submit to Orgkhim representatives all planning and technical documen-—
tation relating to that particular facility. The work done is paid for by
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the financing bank on the basis of an agreement concluded upon submission,
by the organization doing the work, of non-acceptance calculation accounts
based on documents submitted upon completion of individual work stages.

After the start-up and adjustment work is complete, a technical document af-
firming that the work is complete is drawn up, indicating the basic techni-
cal and economic indicators achieved, as is a technical report generalizing
the experience in starting up and utilizing the capacities.

The date the technical report is submitted is the date the agreement ceases
to be in force. The amount of work anticipated by the agreement is done by
a production subunit headed by its responsible representative.

The "Production Subunit Staffing Chart" (Table 4) outlines the composition
of the Orgkhim production subunit and the participation of subunit workers
in individual start-up and adjustment work stages.

Table 4. Production Subunit Staffing, Chart for Start-Up and Adjustment Work

Ilephog
- (1) - ¥ o oan (2) I‘Iy('l( "polv."ll(!}b DO
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HPCARPHATHI — G| 8112110 13115] 16| 19| 23] 22
M. TEXNOAOT FPG )8 i1 121101131151 1618 | 20§ 20
(9% mexannx |6 | 6] 8 nji2jwoj13jis] 67| —|2
(19|)I‘l(l.'lhllllK
CMel = I4[ 14 IO I3[IB} 1B 1T | — | 21
Key:
1. Production subunit composition 6. Number of work days in the cal-
2. Periods endar month
3. Engineering supervision 7. Enterprise leader
4. Production start-up 8. Chief technologist
5. Utilization of capacities 9. Chief mechanic

10. Shift chief

Contractual obligations are met by planning in stages. The essence of this
method is that planning and accounting are done by specific type of work;
their nature and composition are determined by the program, and their cost
is determined by price list or financial estimate. This method serves to
raise the organizational and technical levels at which the start-up and ad-
justment work is done; it concretizes the duties of each worker and deter-
mines the sequence in which the work is to be done. Based on the readiness
of the facility for comprehensive testing, the rate of construction-installa-
_ tion work and the availability of trained operating personnel, raw material
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and energy resources, a work front is planned for the production subdivi-
sion.

Plan assignments for start-up and adjustment work to be done by the produc-
tion subunit are set within 20 days prior to the start of the period being
planned. The complexity of the equipment, subassemblies and units is the
criterion for evaluating the cost of individual start-up and adjustment work
stages and types.

Given planning by stage, expenditures for all types of work in the estab-
lished period are determined based on the overall cost of the work stage.
One example of such planning is given in Table 5.

Table 5. Stage Plan for Work Distribution

1 | e ™ [ B o | CToMMucTh
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g) omiencuie cHiricaa 5 - 5

Key:

Start-up and adjustment stage

Cost of start-up and adjustment work

Done in preceding months

Cost of work in the quarter being planned

Prestart-up stage:

Engineering supervision of construction-installation work
Of these, by position:

Pump department

Synthesis department

. .

.

WOONNAU L WN

When he begins to carry out his duties in putting the facility into opera-
tion, the production subunit leader participates in working out and imple-
menting a complex of organizational-technical measures:

1) training subunit specialists to start-up new production;

2) drawing up a long-range work plan with a breakdown of work stage sche-
dules and a production subunit staffing chart;

3) studying and selecting planning and technical documentation, general-
izing the production experience of similar facilities in operation.

For work on the facility, the production subunit leader provides administra-
tion departments with copiles of agreements with the customer and organizations
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concerned, with a start-up and adjustment work price list, with methods
guides for organizing and planning by stage, with a work plan and a sub-
unit staffing chart, and with instructions for the various positions.

Concerning the direct production activity of the Orgkhim, it should be noted
that during the years of its existence, the amount of start-up and adjust-
ment work being done by the trust has grown considerably.

In 1970, the Orgkhim work volume had increased 2.3-fold as compared with
1965 and 6.6-fold as compared with 1963 (the year it began its activity).
The work volume being done by the Orgkhim in the Ninth Five-Year Plan has
grown 1.25-fold as compared with 1970,

Average annual rates of increment in work volume in the Eighth Five-Year
Plan were 26.5 percent; during the Ninth Five-Year Plan, with an increase
in work volume -- about 10 percent.

An absolute increment of one percent in work volume being done by the Org-
khim during 1963-1970 rose from 19,000 to 113,000 rubles, and by the end of
the Ninth Five-Year Plan, to 140,000 rubles, as is evident from Table 6.

Table 6. Growth Rates

(2) Tos -
(1) Moanarenn 06 | 1965 | 1967 | 10| 107 | 1w
3 emnu pocta o6vema paGor Oprxn- (JO0| 186 [ 128 111 [112] 114
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Key:

Indicators

. Years

Rates of Orgkhim work volume growth, in percent of preceding year
. Work volume per one percent increment, in 1000 rubles

SN -

Such significant rates of growth in orders for start-up and adjustment work
are associated with growth in capital investments in the construction of new
chemical industry production and with the necessity of putting new produc-
tion into operation. Thus, 8.4 billion rubles was spent in 1966-1970 from
centralized capital investments to develop chemical industry. Orgkhim ex-
penditures during that same period on starting up new production were 51.4
million rubles; they grew 1.4-fold in the Ninth Five-Year Plan as compared
with the preceding period, given a 70-percent increase in capital investment
in the branch. Orgkhim expenditures were up to 0.6 kopecks per ruble of ca-
pital investments in putting production capacities into operation. Growth
in Orgkhim work volume is shown in Figure 6.
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Figure 6. Orgkhim Work Volume Growth Rates
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Key:
1. Work volume, in million rubles
2. Year

All the practical activity of Orgkhim specialists is aimed at ensuring the
accelerated start-up of new production capacities. The start-up of capaci-
ties to produce sulfuric acid, ammonium nitrate, phosphate fertilizer, com-
plex fertilizers, ammonium sulfate, caustic soda, ethylene and caprolactam
is carried out entirely through Orgkhim efforts, which also account for the
start-up of more than 80 percent of the capacities put into operation to pro-
duce ammonium and potassium fertilizers, more than 70 percent of capacities
to produce nitric acid, carbamide and carbamide resins, more than 50 percent
of capacities to produce chemical fibers and household chemicals, and 30 per—
cent of capacities to produce plastics.

A considerable proportion of Orgkhim engineering efforts is focused on start-
ing up plants to produce nitrogen fertilizers.

As a whole, more than 40 percent of the trust's technical services personnel
are engaged in starting up mineral fertilizers enterprises. This is asso-
clated with the fact that 60 percent of all mineral fertilizer capacities
available in the USSR were put into operation in the Eighth Five-Year Plan
and that output has nearly tripled.

Inadequate numbers of Orgkhim specialists are involved in starting up chemi-
cal fiber and plastics production.

The proportion of capacities being put into operation by the Orgkhim to ca-

pacities put into operation for the Ministry of Chemical Industry are given
below, in percent:
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- sulfuric acid 100
ammonia 80
carbamide 73
nitric acid (weak) 70
ammonium nitrate 100
phosphorite ore 70
phosphate fertilizer 100
potassium fertilizer 84
granulated superphosphate 44
fertilizer mixtures 50
complex fertilizers 100
ammonium sulfate 100
caustic soda 100
isobutylene 100
carbamide resins 70
glycerine 100
acetic anhydride - 100
carbanol 100
ethylene 100
caprolactam 100
large fiberglass items 100
chemical fibers 56
plastics 30
household chemicals 52
working polymer materials into packaging 100
manufacturing aerosol containers 100

It should be noted, in describing Orgkhim economic activity, that it is in
need of continued improvement.

During the Eighth Five-Year Plam, profit relative to work volume done by
trust production administrations was 23 percent. In this regard, each ruble
of work volume included 77 kopecks of expenditures and 23 kopecks of savings.
A comparison of actual expenditures on start-up and adjustment work with the
normative value enables us to establish a systematic reduction in Orgkhim
expenditures. It was 13 percent for the five-year period.

Such a significant reduction in expenditures testifies to the availability
of reserves in evaluating start-up and adjustment work cost and has been a
consequence thz basis for a review of them. 1

A significant savings of funds was also observed when comparing cost and net
"cost of work done for individual newly operating facilities. Thus, for ex-
ample, each ruble of start—up and adjustment work volume done at sulfuric

acid production facilities of the Gomel'skiy Chemical Plan accounted for 35
kopecks in savings, the Almalykskiy Household Chemicals Plant and the Angara

1. In 1973, the proportion of accumulations in the cost of start-up and ad-
justment work done was reduced for the Orgkhim trust.
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Chemical Reagents Plant -- up to 37 kopecks, and superphosphate production
at the Gomel'skiy plant -- up to 20 kopecks (Table 7).

Table 7. Ratio of Net Cost and Cost of Start-Up and Adjustment Work, By
Orgkhim Project

L | a8k | i
g2 258 | £3¢
fpeanpusrag ,55 e 8;
2% EEOE EE;
2x%s EE £2%
(1), 8252 | &8gef | 453
G }om.nbcxuﬂ XHMHYECKHA
3anop
(6Fcpnas suncrora 72,8 46,3 0,64
(7§ yneppoedar 63,4 50,3 0,8
(égum'ckuﬁ 3aB0J, RBYOKHCH
THTAND )
(6)‘.1.-;)11:151 Kneaora 134,7 87,5 0,65
(nmasuxcruic xummsccxnit
BOA
10)\M|\\n(‘)()c 233,06 213,8 0,92
L1 Nkriofuncknin xomuuar
(7): yuepdocipar 55,07 47,5 0,86
1?}'p:uuy.'lupoummmﬁ cynep- 108,45 74,2 0,69
- Bdedar
13)(Zrmuropcuuii Kombunar )
14 Xaaniime yroGpenns 37 30,1 0,81
15) Adrapcxnit 3asop, |
XUMPCAKTHBOB
16 Xumpeaxtnnu 29,7 21,7 0,73
17) Aamaastkckuii 3ason
GBITOBON  XHMHK
18)r .
omipid GLITOBON XM 113,2 81,85 0,72
)Ilcuumm.\u.lccxuﬁ 3anon,
SuITOBOl  XMMHH
"{20)\=posoan 55,2 49,1 0,89
[Key on following pagel
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Key (to Table 7, preceding page):

Enterprise

Amount of work done in terms of cost, in 1,000 rubles
3. Work expenditures in terms of net cost, in 1,000 rubles
4. Actual expenditures per ruble of work volume

5. Gomel'skiy Chemical Plant
6
7

N -
P

. Sulfuric acid
. Superphosphate
8. Krymskiy Titanium Dioxide Plant
9. Almalykskiy Chemical Plant
10. Ammophos
11. Aktyubinskiy combine
12. Granulated superphosphate
13. Soligorskiy combine
14. Potassium fertilizers
15. Angarskiy Chemical Reagents Plant
16. Chemical reagents
17. Almalykskiy Household Chemicals Plant
18. Household chemicals
19. Nevinnomysskiy Household Chemicals Plant
20. Aerosols

Along with saving funds, evaluation shows that Orgkhim production subunits
sometimes do not fully exhaust the funds allocated them when carrying out
the program. As is evident from Table 8 [following page], the sum antici-
pated by the agreement for starting up potassium fertilizer production at
the Soligorskiy combine was used by only 47 percent; it was used by 80 per-
cent at the Aktyubinskiy combine and the Gomel'skiy and Almalykskiy chemi-
cal plants.

The possibility of lowering the cost of Orgkhim services is confirmed by the
high level of output per worker, which has risen from 3,535 rubles in 1966
to 5,530 rubles in 1970, that is, 1.56-fold (given an average wage increase
of 1.26-fold); output was 4,367 rubles in 1974.

The fact that permanent Orgkhim subunit engineering and technmical workers
comprise 85 percent of all production personnel facilitates a high level of
labor productivity, which provides an opportunity for accumulating experi-
ence in starting up production, for improving work quality, and for reduc-
ing the time needed to start-up new production.

Data from a questionnaire survey dome for the Dolgoprudnenskiy production
subunit, which was starting up the Olaynskiy Chemical Reagents Plant, showed
that 70 percent of subunit workers had a higher special education and 30 per-
cent had a secondary technical education. Twenty-five percent of those in
the subunit had been employed in the chemical industry for up to 20 years,

50 percent for uvp to 10 years, and 25 percent for up to five years. Subunit
specialists repeatedly participated in the start-up of such chemical indus-
try production as chemical reagents at the Angarskiy Petrochemical Combine,
Volzhskiy Chemical Plant, Novomoskovskiy Chemical Combine, and so on.
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Table 8. Actual Expenditures for a Number of Orgkhim Projects Put Into
Industrial Operation (in 1,000 rubles)

. E
@ [y |95
e U'g bE] g °
&% 8| aEE8
Mpeaapuatia 2 EI 5% = H : o,
g2a §$oE geve
ANS Ta ; £a¥.
(1) 598 1 b9
GEg] 832 83 %82
(5)Tomeancknin xummseckmii
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(6)Ccpuml KHeaora 82,4 72,8 88,4
(7) Cyneppocdar 80,5 63;4 78,8
(skpumcuuﬁ 32804 ABYOKHCH
THrana
B (6) Cepian Knestora 163,4 13,7 82,4
(9)
Aamannikcknlt  xumuueckni
3nnop
(0D Avwsrorpoc 23,6 | 216 100
(I AxkTiofimckuli KomGuanar
(7 )Cyncpepocqmr : (9,8 55,7 79,8
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, .
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1 .
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Asposom 55,3 55,2 99
R 19) Asmaasixcxui anson
GuTOBOfi X MM
Tosapn GLrrosoit Xumsn 129,4 113,2 87,56

Key :
1. Enterprise
2. Work cost anticipated by the agreement
3. Actual cost of amount of work done
4

- Actual cost relative to work cost in the agreement, in percent
[Key continued on following page]
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[Key to Table 8, continued from preceding page]
5. Gomel'skiy Chemical Plant
6. Sulfuric acid
7. Superphosphate
8. Krymskiy Titanium Dioxide Plant
9. Almalykskiy Chemical Plant
10. Ammophos
11. Aktyubinskiy combine
12. Soligorskiy combine
13. Potassium fertilizers
14. Angarskiy Chemical Reagents Plant
15. Chemical Reagents
16. Usol'skiy Household Chemicals Plant
17. Nevinomysskiy Household Chemicals Plant
18. Aerosols
19. Almalykskiy Household Chemicals Plant

The Orgkhim production personnel staff includes engineering-technical workers
and instrument control workers in the leading occupations, and enterprises
provide workplaces for operating personnel in accordance with the staff sched-
ule during the production start-up period.

During the 10 years since the Orgkhim was created, the volume of work it has
done to start-up new production has increased eight-fold, given a 2.7-fold
increase in the number of production personnel, that is, basically due to a
high level of output . The dynamics of Orgkhim activity indicators, given in
Table 9, are shown in Figure 7 [both on following pagel].

We should remark that the system of shaping expenditures on rendering tech-
nical assistance to an enterprise on the part of start-up and adjustment or-
ganizations is in need of continued improvement.

At present, this work is financed through the circulating capital of the en-
terprises being put into operation, even before the operational activity of
the new production begins.

The cost of start-up and adjustment work is sometimes inflated; accumula-
tions are collected from the enterprise when paying for technical assistance
rendered under an agreement in starting up a facility and remain entirely at
the disposal of the superior organization (ministry).

However, before examining the ways in which the system of financing work as-
sociated with starting up facilities can be improved and setting rates for
these expenditures, we must analyze existing practices shaping start-up ex-
penditures and the influence these expenses have on the technical and econo-
mic indicators of new production.

Chapter II. Analysis of Start-Up Expenditures of New Production

Section 1. Planning and Recompensing Start-Up Expenses
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year
Level of labor productivity as of 1965
Rates of labor productivity growth over preceding year
Expenditures per ruble of work volume cost:
Reduction in expenditures over 1965
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In accordance with paragraphs 3-4 of SNiP III-A.10-66, "all work done to de-
termine the readiness of a facility for start-up is done by the customer us-
ing basic activity funds.'" Expenditures associated with the start-up of
newly operating production are reflected in start-up expenses estimates.

However, there are currently no single methods provisions for drawing up es-
timates of start-up expenses, and neither have normatives been developed for
planning them which take branch production features into account. In order
to classify expenditures assoclated with the start-up of individual facili-
ties and to substantiate their amounts, we require a single set of methods
for determining their size, a firm list of estimate items, and expenditure

- normatives.

Preliminary recommendations in this area are based on studying existing me-
thods provisions on drawing up estimates of start-up expenses and instruc-
tions on procedures for forming and paying them, as well as on analysis of
practical enterprise data.

A procedure has been set up which anticipates drawing up start-up expendi-
ture estimates by planning organizations, with the concurrence of the en-

1 terprise and their approval by branch union associations of the Ministry of
Chemical Industry.

Based on this provision, several leading planning organizations have de-
veloped branch methods indstructions on drawing up start-up expenses es-
timates. Thus, the State Scientific Research and Planning Institute of
Nitrogen Industry ard Organic Synthesis Products (GIAP) developed 'Methods
Instructions on Drawing Up Start-Up Expenses Estimates" in 1966 for newly
operating nitrogen industry production.

In order to evaluate and record expenditures on the start-up of new basic

chemistry production, the Lenniigiprokhim in 1971 developed "Methods of De-

termining Start-Up Expenses for a Number of Chemical Industry Production Fa-

cilities.” The basis for drawing up start-up expenses estimates using the

methods recommended above was existing new production start-up schedules ap-
- proved by the Ministry of Chemical Industry.

Expenditure coefficients and staff schedules used in the plans were used in
calculating individual estimate items. But in the opinion of the GIAP, to-
tal raw material expenditure must not be higher than that anticipated by the
plan, in view of the fact that units are tested and started up individually,

- while the plan calculates raw material for all equipment operating simul-
taneously.

The Lenniigiprokhim start-up expenses estimate methods take into account:
raw material for initial charging of equipment to be started up;
energy for individual equipment testing for ‘12 hours and comprehensive
- testing for 72 hours;
water to fill tanks three times for individual and comprehensive testing
in inert media and for filling pipelines twice.
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Using the GIAP instructions, standard-quality finished output (conforming
to established GOST's or specifications) obtained as a result of test op-
eration of production is calculated at transfer prices and deducted from
overall start-up estimate expenditures. The amount of output suitable for
sale under these methods instructions examples is 10 percent relative to
the total amount of output produced during the start-up period.

GIAP recommendations are that start-up expenses be covered by writing them
off to the net cost of output of the production being put into operation
after the facility is operating profitably. However, it was later proven
that enterprises are forced to recompense start-up expenses immediately af-
ter putting facilities into operation through production outlays of the ex-
isting enterprise, regardless of whether they were operating at a profitable
level.

The methods given above have shortcomings associated with the calculation of
start-up expenses included in estimates, to wit:

1) depreciation deductions, when enterprises begin deducting them after
releasing a facility for industrial operation, that is, after start-up and
adjustment work is finished;

2) expenditures on energy and water for individual equipment testing,
which must be done by the builders prior to the start of the start-up per-~
iod using capital construction funds;

3) expenditures on building and installation maintenance and routine
equipment maintenance, which do not relate to production start-up, but to
other expenses in subsequent periods at the enterprise.

All this leads to considerable overstatement of start-up expenses, even in
the planning stage. This 1s borne out by the adjustment we made of start-
up expenses estimates for specific production facilities used as examples

in the Lenniigiprokhim methods. By excluding from the estimates items not
related to start-up period work, expenditures could be reduced 20 percent.

In spite of the fact that planning organizations are obligated to draw up
start-up expenses estimates, the calculations are actually made by the en-
_ terprises. When drawing up estimates, enterprises often mix start-up ex-

penses in with other expenses of future periods. Expenses not relating
to particular jobs are sometimes included in enterprise start-up expenses
estimates, such as:

equipment depreciation, when production has not yet been put into indus-
trial operation;

the cost of inexpensive, rapidly wearing tools and stocks;

expenses assoclated with heating and lighting;

labor protection;

other office expenses.

These expenditures comprise more than 30 percent of all start-up expenses,
according to the estimate.
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Summary data on enterprise start-up expenses estimates are given in Table 10
in a cross-section of individual expenditure elements and their structure.
In accordance with branch instructions on planning, recording and calculat-
ing output net cost at enterprises of the chemical industry, start-up ex-
penses estimates must anticipate expenditures on comprehensive testing of
installed and individually-tested equipment, on its adjustment and on start-
ing up production on a test-run basis. The start-up expenses estimate in-
dicates the dates the start-up period begins and ends and the time needed to
recompense those expenses. Start-up expenses are recompensed through cur-
rent enterprise activity by writing them off to the net cost of output from
the moment the facility is put into operation. The start-up expenses re-
compensation period must not exceed two years. During that time, start-up
expenses are included in output net cost according to recompensation norms,
which are set per unit of output based on the total estimated expenses,
length of time needed to recompense them, and volume of commodity output

in the planning year.

When several types of output are manufactured, start-up expenses for new
production are distributed zmong them in proportion to the total basic wages
of production workers.

The normative for writing off start-up expenses to net cost per unit of out-
put can be represented as follows:

(2)

where /iy is the normative for writing off start-up expenses per unit of
output;
i1, are estimated start-up expenses;

By is output released in the year the facility is put into operation;

B, is output released in the period following the year of start-up
until start-up expenses have been fully recompensed.

Output obtained in the test start-up of production which conforms to the es-
tablished standards and cpecifications is sold, and the start-up expenses es-
timate is lowered by the amount received from the sale.

State-up expenses estimates are substantiated by appropriate calculations
using as initial data: equipment composition, start-up and adjustment per-
iod, work front scheduled, motor energy expenditure normatives, rates, ex-
penditure norms and prices for raw and other materials and fuel, equipment
servicing norms, planned number of operating personnel, wage system. Start-
up expenses estimates for new production are approved by the Ministry of
Chemical Industry.

When drawing up draft plans by branch, the Ministry of Chemical Industry and
its branch associations reflect the influence of start-up expenses on the net
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cost of output from new production, in which they indicate the amount of
the start-up expenses, the period over which they are to be written off,
the amount of commodity output, and start-up expenses per unit of capacity.

When calculating the new cost of output from newly operating production,
start-up expenses are included in output net cost in the form of a complex
item called "Expenses on Preparing and Utilizing Production."l

Related to this item are one-time expenditures made at an enterprise prior
to the release of output and not being recompensed through capital expendi-
tures. In addition to start-up expenses, the indicated item includes ex-
penditures on pr paring production of new types of output. At those enter-
prises where the start-up and utilization periods are short and expenses are
relatively low, they are included in "shop expenses."

Payment on agreements for specialized organization technical assistance to
an enterprise in doing start-up and adjustment work is sometimes included
in "general plant expenses."

Start-up expenses subject to write-off to output met cost in the planning
year are reflected in enterprise technical-industrial financial plans.

Change in the output net cost level being planned due to start-up expenses
can be expressed by the formula:

pe= . E [(%i ———zﬁ) IJ,,] t (3)
N

where 9, is change in net cost due to start-up expenses;

Co is total start-up expenses written off to net cost of i output
in the reporting year, in rubles;
Cuw 1s total start-up expenses written off to net cost of i output

in the planning year;
I 1s number of products-list positions;

Bo 1s volume of commodity release of i output in the reporting year
in existing prices, in rubles;
B, 1s volume of commodity release of i output in the planning year.

That portion of start-up expenses not subject to recompensation in the cur-
rent year, is applied to expenses in future periods, that is, to enterprise
expenditures made in the reporting period, to those written off to output

1. "Osnovnyye polozheniya po planirovaniyu, ucheru proizvodstva i kal'kuli-
rovaniyu sebestoimosti produktsii na promyshlennykh predpriyatiyakh"
[Basic Provisions for Planning and Recording Production and Calculating
Net Cost of Output at Industrial Enterprises], USSR Gosplan, Moscow, 1971.
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net cost in time subsequent to the reporting period. Start-up expenses re-
late to enterprise circulating capital. In determining the normative of ex-
penditures of future periods in a planning year, added to carry-over start-
up expenses at the start of the year are anticipated additional expenditures
on start-up and adjustment during the year, and that portion of the expenses
subject to being written off to output net cost is deducted.

Hpe. =My 4y —11,, (4)

where H,s 1s the normative of expenses in future periods;
MIn  is the carry-over start-up expenses at the start of the year;

My is additional expenditures on start-up and adjustment work dur-
- ing the year;
e is that portion of start-up expenses subject to write-off to
output net cost.

Change in carry-over expenses of future periods is reflected in the estimate
of production expenditures, and an increase in them is deducted from the net
cost of gross output or a decrease (as compared with the reporting period)
is added, as is shown in Table 11.

Table 11. Example of Write-Off of Start-Up Expenses to Commodity Output Net

Cost
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o, )1 105500 | 519000
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Key (to Table 11, preceding page):

1. Indicator

2. Production

3. Carbamide

4. Sulfuric acid

5. Date enterprise was put into industrial operation

6. Start-up expenses based on approved estimate, in 1,000 rubles
7. Established period for writing off start-up expenses, in months
8. Amount of commodity output for which start-up expenses write-off is

anticipated, in tons

9. Start-up expenses write-off norm per unit of output, in rubles
10. Amount of commodity output, in tons
11. 1973 report

12. Anticipated 1974 plan fulfillment

13. 1975 draft plan

14. Total start-up expenses write-off to output net cost

In accordance with the CPSU Central Committee and USSR Council of Ministers
Decree "On Economic Stimulation of Enterprises and Increasing Worker Mater-
ial Interest in Creating and Introducing New Equipment," since 1965 the en-
terprise has been permitted to recompense expenditures associated with sig-
nificant expenses on mastering individual production facilities through the
new equipment utilization fund.

When production outlays for a newly operating facility exceed the cost of
the output sold (in wholesale prices), start-up expenses are covered by the
profitable operation of other sectors of the existing enterprise, which un-
doubtedly leads to a deterioration of technical-economic indicators as a
whole.

Section 2. Shaping Start-Up Expenses

After the content of enterprise start-up estimates and existing methods or-
ders and instructions have been examined, one might conclude that start-up

, expenses estimates include two groups of expenditures -- enterprise over-
heads in the start-up period, and payment for the services of specialized
organizations called in by the enterprise for technical assistance in do-
ing start-up and adjustment work.

Start-up expenses on new production capacities can be expressed by the for-
nula: a0

n m
Cnnp =3 Csp+ % Crns (5)

where Cuy are enterprise expenditures on start-up and adjustment work

C,p are enterprise overheads in the start-up period for all expendi-
ture elements (n)

C;y 1s the cost of technical assistance to the enterprise by special-
ized organizations for all start-up and adjustment work stages (m).
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The relationship of enterprise overheads in the production start-up period
to the cost of services speclalized organizations render the enterprise as
technical assistance in doing this work differs greatly, even for a number
of similar types of production, as is evident from Table 12. It sometimes
is determined by enterprise opportunities for financing these services and
it often depends on subjective organizational factors which are displayed in
how quickly specialized organizations are called in to do start-up and ad-
justment work. This is a question not of additional expenditures borne by
the enterprise in calling in and paying for the services of specialized or-
ganizations, but of the quality of and time involved in performing start-up
and adjustment work.

Table 12. Relationship of Enterprise Overheads in the Start-Up Period to
the Expenditures of Specialized Organizations on Start-Up and
Adjustment Work, By Individual Facility, in percent

Axcnnyaranmnou-
nue InTPaTI 3arpatu cue.

pe, il » i
fIpeanpunrun® Neg o NycKa HIMX  fHycKONA-
1 : nonxX 1pOH3- Aajottux opra-
( ) nojcTa e
(2)

(4) Posencknii 3asox asoTHbix
yrobpennit 54,4 45,6

[5 }]DOHJI!OHCTBO aMMHaKa

(6) Macpunckuii xumuyeckui
Kombunat -G
y 84 - |
Shpnu.mo:m'uo aMMHaKa .
7 YHesunnomuicckuit  xumuyeckui
KoMGinat

8iponmoncrno  ammmauuon  ce- )
MrpH 92 8

9) Hayrasnuacckuis  koMGueat
XHMHHCCKNX BOMOKOH

(10} Ipon3nOACTRO ClMTETHUCCKNX BO-
N0KOI 36,5 63,5

(3 1)0nafuckuit 3anojs  xuMhueckux
peakrisos

2)MIpotsnonetso XuMHuecknX peax-
] ‘ru)nnu 86,5 13,5

~

Key:

Enterprise

Enterprise overheads in start-up period for new production
Expenditures of specialized start-up and adjustment organizations
Rovenskiy Nitrogen Fertilizers Plant

Ammonia production

Dzerzhinskiy Chemical Combine

Nevinnomysskiy Chemical Combine

Ammonium nitrate production

Daugavpilsskiy Chemical Fibers Combine

10. Production of synthetic fibers

11. Olaynskiy Chemical Reagents Plant

12. Chemical reagents production

.

O 00N UV £ WK —
.« e . * e e« e
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The effectiveness of start-up and adjustment work is displayed in the ob-
servance of normative schedules for putting production into industrial op-
eration and in the extent to which the quality of this work ensures stable
operation during the mastering of production capacities.

The relationship among individual elements of enterprise operating expendi-
tures during the start-up period depends on production features, expenditure
norms for raw and other materials and energy, labor expenditures to produce
output during the test start-up period, and the design complexity of the
equipment and technology. The composition of start-up expenses based on
start-up and adjustment work content is shown in Table 13.

Table 13. Start-Up Expenses Estimate Content

( Hopmu pac- .
3u J’n)u X0 pUTIHY Haanawenne 3aTpat
NPOCKTHLIX
(2) (3)
(4) R .
Cupe 1 Ma-| 1,2—1,3 Ha aanonnenne cHerem
Tepuanu® . Ha xomnaexcioe onpoGopainie Ha
pabounx cpenax npi NPOGHOM mycke
(6) -Q-?a 3anonnenHe EMKOCTHOTO OGOpY-
ZOBAHKA NPH KOMILICKCHOM ONpoGoBa-
1.2 Bup Ha HeATpaALHLX Cpeaax
Boza ’ Ha asykparioe 3anomienne TpyGo-
' 11pOROA0B
Ha texuosormueckie nemt npu npof-
HOM NYCKC MPONIBOACTRN
(8) : )
*“Ha oGxarky oGopysonauns npn 72-
3 1.8 yacounit nenpepuipnoit pabore
Sueprin ' Ha xomuackchoe onpoGosanse 06o-
: PYAOBaMIA A HNCPTHMX H  PaGOUHX
cpejax
| ) 410){“ npo6uuft nyck npoH3soacToa
1) 1221 !
3apabotHan 1** °] nepiuoa KomMnaexcioro onpoGopa-
naata  skeriay- HuA o6opyaosanns . .
- araunonnoro B nepmoa npoGHOTO mycKa nponanoj-
nepeotiang cToa .
(13). (14 (152I
ﬁ?munn nap- (1110)20% o 10% ronomoit npoekTHOl MoOML-
THSL NPOAYKIHN HTord HOCTH ,

[Key on following pagel
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Key (to Table 13, preceding page):
1. Expenditures

. Expenditure norms to planned norms

. Purpose of expenditures

. Raw and other materials¥

. To fill systems; comprehensive testing in working media for test runs

. Water

. To f11l tanks for comprehensive testing in neutral media; filling

pipelines twice; for technological purposes during test runs
8. Energy
9. To test run equipment for 72 hours continuocus operation; comprehen-

sive equipment testing in inert and working media

i0. Production test rum

11. Operating personnel wages

12. In the comprehensive equipment testing period; in the production test
run period

13. Cutput test lot

14. Up to 20 percent of the total

15. Up to 10 percent of annual planned capacity

(*) Up to 10 percent of total raw and other materials are used to charge
systems, 50 percent for comprehensive testing in working media, and
40 percent for test start-up

(**) In connection with the uneven load during the start-up period, worker
wages are set at the planned level.

No wnm s wN

On the basis of the above, we can formulate the content of individual ele-
ments of the operations portion of start-up expenses. Thus, start-up period
expenditures on raw and other materials can be expressed by the formula:

k .
Mo = % PuKalTy Tyt Oy N+ K, (6)

where M, is the expenditure of raw and other materials expended during
start-up and adjustment work;
Py are expenditure coefficients for all raw and other material com-
ponents expended (K) per unit of finished output;
K. 1s the coefficient of planned expenditure norm overrun during the
: start-up and adjustment period;
Ny 1is installation productivity, in tons per 24-hour period;

Ts is production test operation period, in days;

0s is amount of raw material used to charge systems, in tons per

unit of equipment;

0, is amount of raw material used in comprehensive equipment testing,
in tons per unit of equipment;

N 1s amount of tank-type equipment to be filled;

N’ dis amount of tank-type equipment to be comprehensively tested;

Ko 1is number of raw material circulations (recharges) to conduct com-
prehensive equipment testing. )
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Expenditures on energy during the start-up and adjustment period can be ex-
pressed by the formula:

In=WToPsllyTs, )]

where 3, is start-up period energy expenditure, in kW-hr;
W is total engine power, in kW-hr;
To is comprehensive equipment testing period, in hours;
Ps jgthe energy expenditure norm per unit of finished output.
The wage expenditures for workers participating in production start-up can
be determined using the formula: ‘
3nn=Hos N Pcz K3 T, (8)

where 3., 1is worker wages in the start-up period;
Hos 1s equipment servicing norms;
N 1s amount of equipment (work front);
&, 1is average dally wage rate;

K, 1s the coefficient of wage rate overrun during the start-up per-
iod as a function of working conditions;
Tw 1is the production start-up period, in days.

Hence, the operational portion of start-up expenses consists of the follow-
- ing basic expenditure elements:

- b("ap = M'""”:_*:sﬂ 1+ .3'“'-'1; l-lp- (9)

where /[, 1is the price of a unit of raw and other materials consumed, in
rubles
Il; is the rate per kW-hr, in rubles;

ll, 1is shop expenses to support engineering-technical personnel taking
part in production start-up, in rubles

Moreover, these expenses include other types of energy consumed: steanm,
water, inert gas to fill systems, which are used in starting up new produc-
tion.

All the expenses expressed by these formulas relate to the first part of
start-up expenses, operational ones.

The second portion of start-up expenses of newly operation production are
those to pay for agreements with specialized organizations drawn into start-
up and adjustment work. Under the agreement, a specialized organization

- takes it upon itself to render technical assistance in start-up and adjust-
T ment work to ensure preparation for start-up and the utilization of produc-
tion capacities.
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- The cost of this work complex is determined by an Orgkhim price 1list which

: reflects the complexity of starting up new facilities. 1In the price 1list,

- work cost is determined based on total labor expenditures on starting up
production and the "cost" c¢f a production administration specialist man-day
according to the calculation.

The calculation indicates daily rates (in rubles) by position:
department head
technological sector chief
senlor work producer
wing or installation chief
sector or shift chief
senior engineer
engineer
foreman
technician
instrument control person, mechanic, highly skilled worker

PPN
DO LWON®OSW
NN WS—=\O\W0ooWw

According to the Orgkhim price list, the basic wage of personnel participat-
ing in the start-up is 42 percent of the work cost (Figure 8). 1In additien
to the basic wage, average monthly wages, according to the calculation, in-
clude (in percent):

engineering and technical worker bonuses to basic wages 30
worker bonuses to basic wages 25
- payment for time en route and for organizational work 14
’ supplemental wages 7.8
per diems, apartment payments and training to start up new pro-
duction (for start-up work at facilities in other cities) 14

Figure 8. Structure of Orgkhim Expenditures

actual planned normative

Key:

(outer, fourth, circle) Accumulations

(third circle) Cost of travel to and from job site
(second circle) Administrative-managerial expenses
(inner, first circle) Wages and supplements
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General overheads comprise 23 percent of direct production start-up expendi-
tures to which the wages of production-administrative personnel are related.
With consideration of all expenditures, the average cost of a day is 16.43
rubles.

At the time the assignment is carried out, workers are awarded 50 percent of
the bonus due, the remainder being paid after the work is complete. This
system of awarding bonuses is aimed at preventing personnel turnover during
the start-up of production. When start-up and adjustment work is done on
facilities being built based on complex imported items, the cost of the work
is adjusted by a factor of 1.2. Then start-up and adjustment work is done
on production with prototype, unique basic equipment, a factor of 1.2 is
used, and when work is done in the winter in unheated premises or open yards
a factor of 1.1 is used. Orgkhim trust planned accumulations comprise seven
percent of the work cost, according to the price list. In the price list,
the cost of the work does not include operating expenses, which are borne by
the enterprise during the start-up of production. The structure of Orgkhim
expenditures on start-up and adjustment work are given for individual faciii-
ties in Table 14 [following page].

A temporary price list taking into account basic chemistry production start-
up experience was drawn up for start-up and adjustment work being dore by
the Lenniigiprokhim UPNR {start-up and adjustment administration].

The estimated cost of start-up and adjustment work is determined based on
the time scheduled to complete the work, the deployment of specialists, the
number of specialists and the "cost of one man-day" based on Lenniigiprokhim
UPNR calculations. According to the calculation, the transfer cost (D3) of
the work equals

Dy = A+25.4-2.6:30.540.5+30.5, (10)
where A is the daily rate of a specialist, without consideration of
travel expenses, which is used for the calculation;
25.4 d1s the average monthly number of work days;
2.6 is per diem;
30.5 dis average number of calender days in a month;
0.5 4is apartment payments.

Travel costs are taken into account supplementally. The basic wage accord-
ing to the Lenniigiprokhim price list is 44.8 percent of the work cost.

Of the total work cost, according to the price list, the engineering super-
vision period accounts for 20 percent, the start-up period 60 percent and
the utilization period 20 percent. 4

It follows from the above that specialized start-up and adjustment organiza-
tion expenditures (,;; can be expressed by the following formula :

8 + -} tato
Coyy = [\ U/'rATunp (1 |LL—12%'_L“)K1K: 100 * (11)
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Actual Orgkhim Expenditures on Start-Up and Adjustment Work For
a Number of Facilities Put Into Operation
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Key (to Table 14, preceding page):
1. Enterprise
. Unit of measure
. Production personnel wages
. Wage supplements
. Travel expenses
. Organization preparation for start-up
. General overheads
8. Accumulations
9. Amount of work done
10. Gomel'skiy Superphosphate Chemical Plant
11. Production:
12. Sulfuric acid
13. Superphosphate
- 14. Krymskiy Titanium Dioxide Plant
15. Sulfuric acid production
16. Almalykskiy Household Chemicals Plant
17. Ammophos production
18. Aktyubinskiy Chemical Combine
19. Simple superphosphate
20. Granular superphosphate
21. Soligorskiy Potassium Combine
22, Production of potassium fertilizers
23. Household chemicals
_ 24. Angarskiy Chemical Reagents Plant
25. Production of chemical reagents
. 26. Nevinnomysskiy Household Chemicals Plant
27. Production of aerosols
28. 1,000 rubles

2
3
4
5
6
7

where /1, 1is the number of engineering-technical workers participating in
start-up and adjustment work, by occupation (n);
A is the daily rate for a specialist;

- Taup is the start-up and adjustment period
uy is bonuses;
gz is moving and work organization expenses;
] is additional wages;
44 is per diem, apartment payments, and so on;
6 are general overheads;
Ki  is the equipment complexity factor;
K. is the working conditions factor;

P is planned accumulations, in percent.
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The entire complex of start-up and adjustment work done by Orgkhim adminis-
trations is determined by a program (Table 15) in which the list and cost of
work stages are indicated for a newly operating facility. A work program is
developed for a specific production facility of a prescribed capacity and

anticipates the work to be done by Orgkhim specialists during the engineer-
ing supervision, start-up and utilization periods, taking into account their
duration and labor intensiveness. The work program for individual facili-

ties is the basis for the price list developed by the Orgkhim for start-up
and adjustment work.

Table 15. Work and Cost Program for a Facility to Produce 120,000 Tons of
Weak Nitric Acid Per Year at a Pressure of 7.3 Atmospheres

AR R cilhcr, | 2y g
non pador, py6. MY O6beMy
(4)
(5)
R PaccMotpenne npoekriofi Texun- 2028 3,9

yeckoit JIOKYMCHTaUHH

2 Q?auaop 22 BLINOJHEIHEM CTPON- 4786 9,1
TELIO-MONTAMHUX PAGOT M HX one-
PEUTOCTL B COOTACTCTBHH € NPOCK-

TOM
D) ‘

3 Fizkenepuwii konrpoas npn - 1522 2,9
HOANCHIN MONTAKA OTACABHLIX ar-
peraron
(8) :

4 Busoaemie  ponoaennnii k  npo- 1622 3,1

CKTY f npoiecce MoNTama

9
5 ((9cMorp H nposepka o6opyaona- 1873 3.6
st ¢ cocTaplieHHeM  fedeKTHLX
nesomocTed

19)
6 a3paGOTKa TCXHHYECKNX NAaNOB 1015 1,9
nycKa i rpadHKos  nyckonananou-
unx pagot
7 (]T’ly)xouo;lcruo paGoTaMi TeXHONO. 1135 2,1

ririeckoro  oGopynosanmitst, apmary-
pul, 310PHLIN YCTpOficTB

(12)

8 MMoaroroska  skennyaransonnoi 4655 8,9
JoKymMenTang '

9 (ll?n)nroronxa 1t o6yuctne 3Kcnay- 3818 7.3
aTauuontoro nepconana
(14) .

10 TMoarotoska o6opynonauus k caa- 1083 2,1

ue ero Toprocrexnanaopy ¢ ogop-
MACIHHeN  coOTBeTCTBYlOMmeli AOKY-
MeHTaumy

[Continued on following page]
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Table 15 (continued from preceding page)

1 ué)mop 3a onpeccosko# 06opyao- 1135 2,2
palna H KOMMYHHKaUMii # pa3apa-
60TKa CXeM YCTallOBKH 3arayluek

12 aﬁameuepumﬁ KOHTPOJIL TIPH Ml 3602 6,9
AMBHAYaNLHOM  MCMuTaNHH  00OpYy-
A0BANHA BXONOCTYIO -

| 13 uﬁ:}nroronna o6opynoBauis K ny- 6474 12,4
cky na paGounx cpepax. TlpoGusifi
‘nycK OJUIOf TCXNOJOTHYECKON HiT-
KH NPON3BOACTEA N0 HHCTPYKILHK

14 (lﬁ.)mmxa TEXHOMOTHUECKOTO  pe- 8245 16,7
KiMa ,
15 (181?;)cncllcm|e (pakTuueckoft npo- 2879 5,6

HABOACTRCHION MOUWHOCTH

20
16 ( Pa):spaomxa meponpuaTHii # Bul-{ 392 0,7
flaya PCKOMCHAAUHMA TO YAYULIEHHIO
TEXIONOrHIECKOTO PeXHME

(21) ‘
HUroro nyckopoii mepHoa 46 264 88,4
17 (%;.‘Pspa(Sorxa TeXHHYECKOI! JOKY- 2028 3,9
MeliTauuy oo
23 .
18 OGecncyente pBOA  NPOHIBOA- 3042 5
- CTBY HA HPOEKTHYHD  MOUWOCTL H

KONTPOAL 33 BuLIIOANCHHCM BN

wz )ncKOMeunnunﬂ

19 Hagiop 3a paGotoit oGuekta na o4 1,9
NPOEKTHOR MOILNOCTH B COOTBETCT-
BHI ¢ HOPMAMIH speMesy Hetpepun-

1ot paborul
(25 . 00
CroumocTb BCEro KoMnackca -paGot 52348 1
Key:
1. Number, in sequence
2. Stage

3. Work cost, in rubles

4. Work stage, in percent of total amount

5. Reviewing technical planning decumentation

6. Supervising construction-installation work and work sequence accord-
ing to the plan

7. Engineering supervision of installation of individual units

8. Revealing supplements to the plan during the installation process

[Key continued on following page]
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(Key to Table 15, continued from preceding page)

9. Inspecting and checking equipment, drawing up notices of defects

10. Developing technical start-up plans and schedules for start-up and
adjustment work

11. Supervising operation of technological equipment, fittings and shut-
off installations

12, Preparing operations documentation

13. Training and preparing operating personnel

14, Preparing equipment for release to the Gorgostekhnadzor [not further
identified] and drawing up the appropriate documentation

15, Supervision of equipment and utilities pressure testing and develop-
ment of seal plans

16. Engineering supervision during individual equipment testing at idle

17. Equipment preparation for operation in working media. test release

= of one technological thread in accordance with the instruction

18. Adjusting the technological conditions

19. Determining actual production capacity

20, Developing measures and issuing recommendations on improving tech-
nological conditions

21, Total for start-up period

22. Development of technical documentation

23, Ensuring that production reaches planned capacity and monitoring
carrying out of recommendations made

24.  Supervision of facility operation at planned capacity in accordance
with norms for continuous operation

25. Cost of entire work complex

The price 1list covers branches of the chemical industry. It determines the
cost of having a complex of start-up and adjustment work done by branch and
specialized production administrations of the Orgkhim (Table 16) [following
page]. The cost of work not indicated in the price list is taken for simi-
lar production.

The price list anticipates that work will be done under the following con-
ditions:

a) technological equipment must be installed in accordance with the
plan and its condition must conform to the rules and norms of technical
operation;

b) the customer submits all the necessary materials, raw materials, en-
ergy resources in conformity in quantity and quality to the plan and also
allocates operating personnel.

The price list reflects only the cost of the technological portion of the
facility and does not anticipate payment for start-up and adjustment work
on ventilation systems, check and test points and automatic machinery, re-
frigeration units, electrical equipment or water purification facilities.

The cost of work on auxiliary systems is determined in other price lists.
Thus, the adjustment of mechanical technological equipment is based on a
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16.

Cost of Start-Up and Adjustment Work at Operating Production Fa-

cilities of the Chemical Industry (using the Orgkhim price list)

6 o0& COOTHNWC
(.2) 5 3) non“o sranam, %
(1) :go- E'és_ A)Ime ! a _
Orpacan NPOMLMAENITOCTH ;E 525 %(;*S) (g) (%¥§
g2 | 33; | Be.| 38 | i
g8 | B3& | s28 £2 | ¥yg
8
9 JoTHan
POH3BOACTRO: . - 13
aMMnaKa 100 198 50
8?% Kapbamuaa 180 135,6 | 58,529,561 12
(]2 Pcuosnoit xumuy
(9 Jponanoacrso: )
(13) z(xbnoﬁnoro cynepdoc- 350 82 32 §5 13
ara
(l4) rpanysuposantvro 400 72 37 |48 15
ammodoca
(15 Xnmnuecknx Bonokon
( L6)1[)ovl.moncmo BHCKO3- 17 310 41,5°| 45 13,5
HOFO KOpAa
Branch of industry
Annual capacity, in 1,000 tons
Cost of start-up and adjustment work, in 1,000 rubles

Proportion, by stage, in percent
Engineering supervision -
Start-up period
Utilization. period
Nitrogen

Production:

Ammonia

Carbanide

Basic chemistry »
Compound superphosphate
Granular ammophos

Chemical fibers

Viscose cord production

price list worked out by the TsPKB Glavmontazh [Central Planning and Design
Bureau of the USSR Main Administration for Imstallation Work] and approved

by the USSR Gosstoy on 11 July 1969; heat-engineering equipment -- in accord-
ance with RSFSR Gosplan Price List No 260.501; automatic devices and machin-
ery -- in accordance with a price list approved by the USSR Gosstroy on 1
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price list approved by the USSR Gosstroy on 1 January 1969; ventilation sys-
tews -- in accordance with a price list from the State Committee for Construc-
tion Affairs (USSR Gosstoy), approved on 1 April 1969. With consideration

of the start-up of auxiliary systems, the factor by which the cost of start-
up and adjustment work on the technological portion of newly operating fa-
cilities increases averages 1.7 to 2.3. This ratio can be traced using the
data given in Table 17.

Table 17. Cost of Start-Up and Adjustment Work for Enterprise Basic and
Auxiliary Systems (data from Lenniigiprokhim UPNR)

g 2 , 50 2
) 9] 1)) Bl
e¥) Sl I I B i I
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85 | Es | 2% |88% | 3BE3il
3te| 82 | %2 |2pfs| 93E8%%
cfE| 28 | £8 |E5:3| SEEZEE
(7®6mas crommocrs nye- | 966,5/920 2532 12206 100
KONMAMAOYIIbIX pabor
(FTHDP), Tue. py6.
TOM HHCAC:
(9) T(‘XIIOJOHI“CCKER 2]2,8 26!,5 !455,9 99,7 45,3
} yacTh
(10§ Mexammweckan 253,81264,9| 612,56 81,6 27
YaCTh :
. Tennotexnive- 116 | 39,2f 72,5/ 8,3 5,2
(11)3 CKan uactb .
4. Bentusawion- 27,61108,9) 315 - 10
(12) uan wacm -
5. daexrtporesmuue- | 215,1 — - 8,5 5
(13) cxas uacew - - :
. Xumnueckan sono- | 24,6 — - - 0,6
(14§ OUHCTRA ) .
7. KUTT n astomarn- | 86,51139,8] 65,9| 22,4 . 7
(15) «xa
Key:

1. Composition of start-up and adjustment work

2. Potassium tripolyphosphate production

3. Phosphorous production

4. Compound superphosphate production

5. Production of barium hydroxide and barium carbonate

6. Proportion of cost of basic and auxiliary production sectors in to-

tal cost of PNR, in percent

7. Total cost of start-up and adjustment work (PNR), in 1,000 rubles

8. Including:

9. Technological portion 13. Electrical engineering portion
10. Mechanical portion 14. Chemical water purification
l1. Heat-engineering portion 15. Check and test points and auto-
12, Ventilation portion matic machinery
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Based on the above, start-up expenses are enterprise operating expenses in
the start-up period and the cost of technical services rendered by special-
ized organizations on start-up and adjustment work on basic production, with
consideration of cost increases for services to start-up auxiliary systems
of the facility being put into operation, K, . Start-up expenses can be de-
creased by the cost of output suitable for sale which is manufactured during
the start-up period, Bu. :

‘" -
Conp. == [ S Gt (2’3 Cru) Ka] — Bu. (2%

Thus, start-up expenses are expenditures to prepare capacities for release
for full-time industrial operation. The start-up expenses estimate must

be drawn up in the planning stage. Start-up expenses include enterprise op-
erating expenditures during the production start-up period and technical as-
sistance by specialized start-up and adjustment organizations. They are re-
compensed after the facility has been put into operation through its current
activity.

Having examined the composition of start-up expenses, how they are shaped
and the sources for recompensing them, we can move on to analyzing actusl
expenditures (total and specific) on the start-up of various types of chem-
ical industry production: comparing with expenditures on capital construc-
tion and with equipment cost, tracing the degree to which they influence the
net cost and profitability of new production.

Section 3. Expenditures of the Start-Up Period

In this section, we examine start-up expenses for newly operating facilities
which are accepted as the basis for enterprise estimates and Ministry of
Chemical Industry reporting, which reflects the influence of expenditures
on putting new enterprises and individual production facilities into opera-
tion on output net cost.

The initial data have been systematized, processed and are given in tables
which reflect expenditures on the start-up and adjustment of specific pro-
duction, their weighted-mean values per unit of capacity, and norms for
writing off start-up expenses to the net cost of a unit of output.

Specific start-up expenses (in rubles) per unit of capacity, derived from a
generalization of data from similar production, are:

Industry: Production:
mining chemistry up te 2.7 extruded plastic items wup to 327
basic chemistry up to 14 lacquers and dyes up to 403
nitrogen up to 95 chemical fibers up to 516
plastics and resins up to 165 chemical reagents up to 1154

*Sec formula (5) for key.
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In connection with the existing system of recompensing start-up expenses
over a two-year period following start-up of the facility through enterprise
activity, the expenditure write-off norms set for newly operating production
are 1.5- to two-fold lower than their specific values per unit of capacity.
Comparison shows that the proportion of start-up expenses under the recom-
pensation norms relative to net cost per unit of output reach 3.5 to 30 per-
cent in various types of production facility, as is evident from Table 18.

Table 18. Proportion of Start-Up Expenses in Net Cost of a Unit of Output
at Newly Operating Production Facilities

4 ‘.' 6
| 2| 340 I(A)?;g
(1) £ 5L 3¢
89 %2 Rxg
Mpeanpuartis EE\' - ve P
g 22s2° EN-T
& | i | i
34 E2ES 8%k
(Shunzmcmlﬁ 3aBOj, A30THBIX
( 00pCHHA
{apBGamup 122,6 7,14 5,8
(Zzsouﬁcknﬁ XHMEOMGHHAT '
(8Nmanaunan cennTpa 61,58 2,13 3,6
(9 Cokanbekuit 3ason
) XHMHYECKOTO BONOKHA
HCKO3N0e mraneasiioe 1724 241,06 14
BOAOKHO
&lfrenbcxuﬁ KOMOHHAT XHMH-
YECKHX BOAOKOH
4 12)\ucmnuenmonosa 2321 695 30
ANYMCKHIT XHMHKO-METAN-
NYPrHuecKHin KOMGHHAT
14}I<)anxarnmm 431 G0 13,8
Key:
1. Enterprise
2. Output net cost, in rubles
3. Write-off norm start-up expenses to net cost, in rubles per ton
4. Start-up expenses as a proportion of output net cost, in percent
5. TIonavskiy Nitrogen Fertilizers Plant
6. Carbamide
7. Navoiyskiy Chemical Combine
8. Ammonium nitrate
9. Sokal'skiy Chemical Fiber Plant

10. Viscose staple fiber

11. Engel'skiy Chemical Fiber Combine

12. Cellulose acetate

13. Kaluzhskiy Chemical-Metallurgical Combine
14. Polyethylene
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The total start-up expenses subject to write-off in a year is 1.5 to 14 per-
cent of the net cost of enterprise commodity output released.

This is to be explained by the partial recompensation of expenditures asso-
ciated with the start-up of new production, through the assortment of output
of existing production.

It is not a matter of indifference to the enterprises that the proportion
of start-up expenses in commodity output net cost at the moment production
is put into operation is so considerable, since expenditures per ruble of
commodity output during this period exceed the established price level 1.2~
to 2.2-fold, which considerably postpones the time of economic mastering of
the economic indicators of the new production. The gap between level of
average branch output net cost and the net cost of output by new production
is shown in Figure 9.

Figure 9. Deviation of Net Cost Value for Output of Newly Operating Produc-
tion from Average Branch Net Cost

Lot
4

1 2 3 Wy

Key:
1. Branch-average net cost
2. Output net cost at moment of start-up

When comparing specific start-up expenses and the net cost of a unit of out-
put we can establish that specific start-up expenses are also high for the
most expensive types of output. For example, specific start-up expenses for
ammonium are 14.6 rubles, given a net cost of 77.7 rubles; for plastic items
-- 366.6 rubles, given a net cost of 1,659.8 rubles per ton; for acetate
silk -~ 412 rubles, given a net cost of 3,890.5 rubles per ton.

Thus, production features, their materials- and energy-intensiveness, and la-
bor expenditures, help shape expenditures in the test-run period of produc~-
tion, as well as during enterprise operating activity. This interrelation~-
ship can be traced using correlation analysis of indicators.
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In order to reveal the nature of start-up expenses as expenses necessary to
bring installed capacities up to full operating readiness, it is of interest
to compare them with capital expenditures. As is shown in Teble 19 (follow-
ing page), start-up expenses comprise 30-45 percent of capital expenditures,
averaging 20 percent. The initial data for the comparison were the capital
expenditures for individual types of produciion indicated in SNiP III-A.3-57,
specific capital investment normatives approved by the USSR Gosstroy, and
the "Reference Materials and Normatives for Methods of Determining Economic
Effectiveness" developed by the All-Union Scientific Research and Design In-
stitute of Chemical Machine Building.

That this proportion of start-up expenses relative to capital investments is
so high is confirmed by the considerable expenditures enterprises bear in
putting a facility into operation. Start-up expenses for newly operating
production are 2-6 million rubles. Deviations in facility start-up expeadi-
tures can be explaned by the influence of a whole series of factors:

work organization during the period of start-up and adjustment work;

complexity of equipment and technology set-up;

sequence in which facilities are put into operation and the write-off of
start-up expenses as anticipated by the estimate for one of the facilities
being put into operation;

lack of normatives enabling the enterprise being planned to control the
size of start-up expenses.

Along with this, the cost of start-up and adjustment work being done by the
Orgkhim for individual production facilities is 100,000 to 500,000 rubles.
And actual Orgkhim expenditures are tending to decrease as compared with
work cost according to the price list. The proportion of Orgkhim expendi-
tures in enterprise start-up expenses for production facilities are up to
30 percent (Table 20) [second page following]. It should be noted that en-
terprises do not always use the technical assistance of specialized start-
up and adjustment organizations, so this figure is lower for the branch as
a whole.

As start-up expenses increase, the proportion of start-up and adjustment
work in them decreases. Thus, given start-up expenses of six million rubles
for a facility, the proportion of expenditures for start-up and adjustment
work is one percent; five million -- five percent; two million —-- 10 per-
cent; one million -- 20 percent. This is to be explained by the fact that
start-up expenses differ significantly in their operating portion for the
different types of production, more so than do Orgkhim expenditures.

Relative to capital expenditures on individual types of chemical industry
production, expenditures on start-up and adjustment work are 0.6 to 2.7 per-
cent, as is shown in Table 21 [fourth page following]. According to the
calculations given, start-up expenses account for 16 to 450 rubles per 1,000
rubles of capital expenditures and expenditures on start-up and adjustment
work account for three to 26 rubles per 1,000 rubles of capital expenditures.
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Table 19. Specific Start-Up Expenses in Chemical Industry
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Key:
1. Branch of chemical industry
2. Start-up expenses per 1,000 rubles of capital investment, in rubles
Z. Expenditures per unit of capacity started up, in rubles per ton

Proportion of start-up expenses relative to capital investments, in
percent

[Key continued on following page]
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Key (to Table 19, continued from preceding page):
18. Phosphorous
Chemical fibers
‘Viscose staple fiber
Viscose silk
Acetate gilk
Synthetic silk
Plastics and their processing
Cellulose acetate
Polyvinylacetate dispersion
Carbanmide resins
Caprolactam
Titanium dioxide
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5. Nitrogen

6. Production 19.
7. Ammonia 20.
8. Weak nitric acid 21.
9. Ammonium nitrate 22,
10. Acetylene 23,
11. Acetic acid 24,
12. Basic chemistry 25.
13. Ssimple superphosphate 26.
14.  Compound superphosphate 27.
15. Granular ammophos 28.
16. Complex balanced fertilizers 29.
17. Phosphoric acid

Table 20.

Enterprise Start-Up Expenses

Orgkhim Start-Up and Adjustment Work Expenditures Reiative to
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[Key on following page]
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Key (to Table 20, preceding page):
1. Branch of chemical industry
2, Production start-up expenditures per 1,000 rubles in capital invest-
ment (in rubles)

3. By enterprises

4. By the Orgkhim

5. Proportion of Orgkhim expenditures in enterprise start-up expenses
6. Nitrogen 16. Complex balanced fertilizers
7. Production 17. Phosphoric acid

8. Ammonia 18. Chemical fibers

9. Weak nitric acid 19. Capron silk

10, Acetylene 20. Acetate silk

11, Acetic acid 21. Viscose staple fiber

12, Basic chemistry 22. Plastics and their processing
13. Simple superphosphate 23. Cellulose acetate

14, Compound superphosphate 24. Polyvinylaceta. = dispersion
15. Ammophos 25. Carbamide resins

Thus, start-up expenses have a significant influence on the net cost of new
production output, causing production outlays to exceed the cost of output

sold. Certain difficulties arise at the very outset of facility function-

ing.

The increase in start-up expenses occurs foremost through the operating por-

tion of their expenditures. Specialized organization services in starting

up production must be viewed as the rendering of necessary /skilled/ assist-
- ance by personnel with adequate work experience at similar facilities.

The assistance of specialized organizations in starting up production well
facilitates reducing the time capital investments must be diverted from cir-
culation and accelerating receipt by the national economy of needed consumer
valuables.

In order to draw a conclusion as to the closeness with which individual in-~
dicators are linked and to recommend normatives for start-up expenses for
different types of production, we need to make a special analysis of actual
data.

Section 4. Correlation Analysis of Indicators of Start-Up Expenses

Economic research makes extensive use of mathematical methods to examine eco-
riomic phenomena not in isolation, but interlinked, in order to draw scienti-
fic and practical conclusions. A large section of mathematical statistics
is concerned with correlation theory, which is used to analyze interconnec-
tions among values given the influence of numerous factors.

The use of correlation theory in resolving the tasks of substantiated fore-

casting consists in finding the limits within which the value interesting us
is contained if other values assoclated with it are given certain values.
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Table 21. Specific Start-Up and Adjustment Work Expenditures in Chemical
Industry (using Orgkhim normatives)
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L. Branch of chemical industry

2, Cost of start-up and adjustment work per 1,000 rubles in capital in-
vestment, in rubles

3. Expenditures per unit of capacity, in rubles per ton

4. Start-up and adjustment work as a percentage of capital investment

[Continued on following page]
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(Key to Table 21, continued from preceding page):

Nitrogen 19.
Production of: 20.
Ammonia 21.
Weak nitric acid 22.
Acetic acid 23.
Acetylene 24,
Basic chemistry 25.
Compound superphosphate 26.
Granular ammophos 27.
Complex balanced fertilizers 28.
Sodium sulfide 29,
Ammonium nitrite

Phcsphorous 30.

Phosphoric acid

Sodium tripolyphosphate

Chemical fibers

Capron silk

Acetate silk

Staple fiber

Plastics and their processing

High~pressure polyethylene

Cellulose acetate

Vinyl acetate

Polyvinylacetate dispersion

Carbamide and phenol-formaldehyde
resins

Potassium fertilizers

Correlation methods enable us, in particular, to determine a numerical value
for start—-up expenses in various types of chemical industry production based
on thelr interrelationships with other indicators.

Correlation links are not cause-and-effect, but probabilities in which the
connection between values is displayed in the fact that one of them reacts

to change in another by changes in its own law of distribution.

This pro~

vides an opportunity for revealing the distribution of values in combination

with each other.

In this section, we examine the interrelationship between

start-up expenses and the ''cost" of start-up and adjustment work and capi-
tal investments in individual types of production, as well as with output

net cost.

We examine the closeness of this connection and change in indica-

tors by branch of the chemical industry in accordance with the indicated

values.

The fact that there is a functional dependence between the values and the
form of the connection were established on the basis of correlation tables
and a correlation field.

The form of the connection was studied by obtaining on a graph an empirical
regression line showing change in y as a function of x (argument function).
The process of finding a theoretical regression line is commonly called

straightening the empirical regression line.

The type of curve was chosen

based on the outward appearance of the empirical regression graph, which is
curvilinear or rectilinear.

Proceeding from the proposition that the regression line is rectilinear, it
is calculated using a straight-line equation:

=a-bx,

(13)

Given a curvilinear function, it has the form of a parabolic curve

Yx = a -} bx + cx?,

68
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where a, b and ¢ are the parameters being defined.

Calculating the equation parameters enabled us to find a theoretical regres-
sion line. To determine the unknown parameters, we used the method of least
squares, in which we had to meet the condition that the sum of the squares

of correlation field point deviatigns from the line adopted must be minimal:
n

‘XI {y —Ue)? = min, (15)

We calculated a theoretical regression line from the terms of the least
squares and determined coefficients in the equation given above by solving
a system of normal equations:

Zyi=na+-bLx;

Tx Y =atet X, (16)
where n 1is the size of the sample.
We determine values a and b using the following formulas:

- - Ix2 —
imjopi BB,

nZxt— (Ex)? a7)
_ nixy— Ex!vl-y- (18)
T onZer—(Zp2

We adopted a correlation factor as criteria of the degree of proximity of
the correlation bond to a linear function

nZxy —Ix Xy

ey =:k
:x” Vo —(2x) Vn2g— (=) (19)

We accept a bond closeness as being satisfactory if rx,>0,5.

Using the methods given, we can study the connection between start-up ex-
penses and capital expenditures.

In order to do this, we must establish the forms and type of correlation de~
pendence between start-up expenses y and capital expenditures x , assuming
that

y="Flxl. (20

Based on the data from Table 19, above, we set up a graph (Figure 10, page
following). The form of the correlation field indicates the possibility of
assuming a linear function. After compiling a computer program, we deter-
mine regression curve parameters, which are:

a==25,927;

6:=0,147,
69
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Figure 10. Graph of Dépendence of Start-Up Expenses and Capital Expenditures
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Key:
y -- start-up expenses (rubles per ton)
x -- capital expenditures (rubles per tonm)

1. empirical regression line
2. theoretical regression line

. The theoretical regression line equation showing the dependence of start-up
expenditures and capital expenditures takes the form:

y=25,927 -0, 147 x. (21)

We then determine the degree of clogeness of the bond using a correlation
factor: roy= 0,799
Xy ’ .

However, in view of the large gap between indicators for different chemical
industry production, in order to derive the most characteristic form of bond

- for the individual branches, all production was distributed into three groups
whose indicators are within the following limits, in 1,000 rubles:

1) 0K 100;
2) 100 < K < 1000;,
© 3) 1000 < K < 7000,
For the first group of production facilities, the theoretical regression line
equation takes the form e e
=~ 1,694 0, 168x,
g A (22)

For the second group of production facilities, the theoretical regression
line equation found for the chemical branch of industry as a whole [equation
(21)] 1is characteristic.
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For the third group of production facilities, the theoretical regression
lire equation takes the form

4 ==285,84-0,13x, (23)
The intercomnection of the indicators is represented graphically in Figures
11 and 12. The equations were used to find theoretical start~-up expenses

normatives for individual types of chemical industry production.

Figure 11. Function of Start-Up Expenses to Capital Expenditures

L) 2. b
010203050 50 6070 2090 00110120 x

Key:
y == start-up expenses; x -- capital expenditures (10< 10<100)

Figure 12. Function of Start-Up Expenses to Capital Expenditures

Key:
y --— start-up expenses; x -- capital expenditures (J000<<K=<700)

Changes in expenditures of the start-up period in accordance with change in
capital investments (in 1,000 rubles) are given in the chart at the top of
the following page.

Research has shown that as the start-up expenses value increases, the corre-
- lation connection between them and capital investment values decreases.

Thus, for the third group r.,=0,35. This testifies to the fact that, along
with equipment complexity, production features also shape start-up expenses:
materials- and energy-intensiveness, complexity of the technological process.
The necessity therefore arises of tracing the connection between start-up ex-
penses and output net. cost.
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Kannrans- | 10| 50 | 100 { 500 | 1000{ 2000{ 3000( 4000} 5Q00
NC BJAOKE-

(1) s

lyckovwe | 1 |6,8[15,2| 101 | 170 | 346 | 476 | 606 | 736
( zs):vcxmu.l L

Jarpatsl na [0,47] 0,7 1,5516,35}| 12,35(24,35}36,35]49,35(60,35
NYCKOHaNA- -
Routuie pa6o-| -

(3) Thl

Key:
1. Capital investments
2. Start-up expenses
3. Expendiiures on start-up and adjustment work

A closer interconnection has been established between capital investments in
individual chemical industry production types and expenditures on Orgkhim
start-up and adjustment work. Based on calculations using data given in
Table 21, the theoretical regression line parameters are as follows:

-a = 0,348;

6=0,012,

The theoretical regression line equation showing the dependence of start-up
and adjustment work cost and capital expenditures takes the form
y == 0,350,012, (24)

Empirical and theoretical regression lines for start-up and adjustment work
cost and capital investments are represented graphically in Figure 13.

Figure 13. Dependence of Start-Up and Adjustment Work Cost and Capital Ex-

penditures R

00 2005 3000 000 3007 ¥

Key:
y -- start-up expenses; x -- capital expenditures

The correlation coefficient determining the closeness of the bond between
these indicators is high, .
rey=0,91.
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Using research data, we derive theoretical start-up and adjustment work cost
normatives and set them relative to the derived theoretical start-up expen-
ses (Table 22).

Table 22. Theoretical Normatives of Start-Up Expenses and Expenditures on
- Start-Up and Adjustment“WQ;k (in rubles per ton)

{2 lyexonwe | 3upn; 5y 4
(1) UCXOAW 1 | yyekuna-
Hpowasoacrna xumuieekoll npoMitacinoctn CAIITIILY DO« 1 g -
NINOACTHOH- 6ot
noft MougoCTH (3)
4)Caomue yao()pcl.nul 0,6 0,5
5 Amnmuanuast compa. 11 0,54
(6 XIpocroii cynepdocdar 1,2 0,54
_g octhopias KiucaoTs 2,5 0,64
18 Ylnoitnoit cynepdocdar 4,5 0,69
9)CnaGast asornast kucrora 5,4 0,92
0)panyanposannuii ammutoe 6,2 0,98
% HHuTpur ammonns 9,83 1,13
KeycHas KHeaoTa 13,9 1,45
J Xuuteriuecxkne Mowuiie cpeacTea 14,7 1,51
4 W mmmak : 15,2 1,55
5 Vlaky it kpackn 23,6 2,15
6 JapGamiunie cmonu 70 3,05
7 Xloamarnacit macokoro papaeins 100 6,35
8 Y\uernaen . . 120 8,03
9 Puekoanoe wiranespioe noaokio © 254 15,9
20 Kauposakram . 328 22,8
P 1 Aeruaeamonosa 346 24,35
(2 Nueratuuii meax 784 (4,8
Key:
1. Chemical industry production
2. Start-up expenses per unit of production capacity
3. Expenditures on start-up and adjustment work
4. Complex fertilizers 14. Ammonia
5. Ammonium nitrate 15. Lacquers and dyes
6. Simple superphosphate 16. Carbamide resins
7. Phosphoric acid 17. High-pressure polyethylene
8. Compound superphosphate 18, Acetylene
9. Weak nitric acid 19. Viscose staple fiber
10. Granular ammophos 20. Caprolactam
11. Ammonium nitrite 21. Cellulose acetate
12. Acetic acid 22. Acetate silk

13. Detergents
By studying changes in the values of start-up expenses (y) in accordance
with the value of output net cost (x) for individual types of chemical in-
dustry production, we set up a graph whose correlation field shows that
there exists a curvilinear dependence in the form of a parabolic curve (Fig-

ure 14, following page). The coefficient values found are substituted into
the equation and we obtain a theoretical regression line with the form

y = 227 - 0,43x — 0, 000089, (25)
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Figure l4. Graph of Dependence of Specific Start-Up Expenses and Output Net

Cost
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A A
Key:
y -- start-up expenses 1 -- empirical regression line
X -- output net cost 2 -- theoretical regression line

The correlation ratio of the curvilinear regression © = 0.633.

The coefficient of correlation between start-up expenses write-off norms vy
and output net cost x describes a very close link between these indicators

ra==09. The theoretical regression line equation showing the dependence
between start-up expenses and write-off norms and output net cost takes the
form

y = 181 + 0.1195x. (26)

By studying the degree to which start-up expenses based on write-off norms
x dinfluence output net cost y during the mastering of new production, us-
ing data from Table 18, we can set up an experimental regression line (Fig-
ure 15). The shape of the graph's correlation field indicates the possibil-
ity of a linear dependence.

The theoretical regression line equation takes the form
y = 278 + 5.74x. (27)
The results of the correlation analysis are summarized in Table 23 [follow-

ing page] in the form of indicator interrelationships and the closeness of
2 the connection between indicators.

Based on the research done, we can conclude that there exists a close link
between start-up expenses to put an enterprise into operation and capital
expenditures to build the facility, a link which is most often to be traced
in the shaping of expenditures on start-up and adjustment work.

h
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Figure 15. Dependence of Output Net Cost and Start-Up Expenses Write-Off
Norms
y
so00 |-
Key:
y -- output net cost;
X -- norms for writing off
start-up expenses to
output net cost

000 |-

2000

woo |

il 1
g 200 0 s00 & x

Table 23. Summary Table of Indicator Interrelationships

| Feenora
l (l) ) (2) tvnpvn(x%gpcm\mmn- “.'“';:‘,:L:
- Gynxunn (y) Aprymenr (x) ".:’&;g;::&z’::a'?"; “:;:,:l,’;'!;!"
s perpeccun Koppeas -
.
(4)
5 6
(r?ycxonue pacxo- ?(amlTallbllhle 9a-| y=25,927+0,147x 0,79
. TpaThl
@ ¢ & 5 91
atparul na myc- | Kanuraabusc sa-| y=0,3540,12x 0,
;ucouananoquuc pa- TpaThl
1 6oTut
&Y [6). =207-443¢— | 0,63
ckonme  pac- [ CeGecTONMOCTh §=227-43x '
. XO,'U)-I UPOAYKILIH . —0,000089x?
Cebecronmoct lHopmui chucannst| y<=2784574x 0,76
|,,|,(,);'vmum nyCKOuLX  pacxo-y
- s
1(8) 9)
¥
Key:
1. TFunction (y)
2. Argument (x)
3. Correlation dependence form —- theoretical regression line
4. Closeness of connection —- correlation coefficient
5. Start-up expenses
6. Capital expenditures
7. Expenditures on start-up and adjustment work
8. Output net cost
9. Start-up expenses write-off norms
(*) Correlation ratio of the curvilinear regression (0)
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Key (to Table 24, preceding page):
1. Number, in sequence
2. Indicator name, by output type
3. Expenditure item, rubles/ton
4. Raw material
5. Energy
6. Wages
7. Total
8. Ammonia
9. Operating portion of start-up expenses
10. Expenditure structure
11. Variable portion of net cost
12. Ammonium nitrate
13, Carbamide
14, Caprolactam
15, Cellulose acetate
16. Synthetic silk
17. '"Lavsan" fiber [Dacron]

Recompensing start-up expenses through enterprise current expenditures de-
termines to a significant extent the level of output cost in new production,
which is borne out by the correlation coefficient, which describes quite a
high level of closeness in the connection between the indicators.

The correlation dependence forms found enable us to derive theoretical indi-
cators which can be used to determine start-up expenses normatives.

In order to determine the influence of several factors simultaneously on the
value being studied (which is start-up expenses, in this case), we find a
multiple regression equation. The basic paired functions of raw material
and energy costs, wages and the constant portion of output net cost are ta-
ken to be rectilinear. The multiple regression equation can be written as
follows: e e
?M.3'3.6=a+bM+c.9+d3+eC, (28)
where M is the cost of raw material in output net cost, in
rubles per ton;
3 is the cost of energy in output net cost, in rubles

per tom;
3 is the value of production personnel wages in out-
put net cost, in rubles per ton;
c is the constant portion of output net cost, in
rubles per ton;
a, be, d, e are unknown parameters which must be calculated.
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When studying the dependence of start-up expenses level on several factors
simultaneously, we used the method of paired correlation coefficients in
the multiple regression equation, which is represented in Tables 25, 26 and

27.

Table 25. . Interrelationship of Start-Up Expenses With Their Individual Ex-~

penditure Items (Arguments)

Koadebuusient
Apryment (x) (ZT;opelx;lnu;nne::;r" amns (ﬁ( N;(::;;'mnl
(4)XCupse 41=85,155+41,30x, 0,893
(5)9ucprus ¥1=21,216+12,165%, 0,79
(6)3apaGoruan niaara npo- 91=15,04412,9x, 0,92
H3BOJCTBENNOrG NCpPCUNa-
aa
(7 Ylyckonananounue pa- | y=—4,70542,768x 0,858
GoTht . .

Key:
1. Argument (xg)
2. Theoretical regression line
3. Correlation coefficient rxy
4. Raw material
5. Energy
6. Product’~»n personnel wages
7. Start-up and adjustment work

Table 26. Interrelationship of Individual Expenditure Items
4
) @) T
ynrigfise Aprymenr TeopeTiieckas AuINt 2
)] (x) perpeccii £e
28
(Stupbe (6)91|eprml . 42=10,256--0,0445x 0,441
» apaGoThas nia- | yy=10,340,07x 0,645
T4 MPOH3BOACTBEN-
Horo nepcoliana .
(sbnepnm géapadmnau naa- | ys=1,318+41,05x 0,961
Ta fponanoacTsen- [ . :
Horo nepcotiana
Uhycxouana- (5¥upre #1=49,94-0,259x 0,536
nounuie paGorit
(3}’0 we (6 Yucprus y=5,980-|-4,645 0,973
» (9§apaﬁomusl nna- | y4=1,9026-4-4,305¢ 0,987
T4 NPOHIBOACTBLEH-
Horo mepconana

[Key on following page]
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Key (to Table 26, preceding page):
1. Function (y)
2. Argument (x)
3. Theoretical regression line
4. Correlation coefficient rxy
5. Raw material
6. Tnergy
7. Start-up and adjustment work
8. Same

9. Production personnel wages

Table 27. Paired Correlation Coefficients

(1) 222) | (3) | &) | &) | ,$6).
,.(.:.I_:,','.n:,',',';,l,‘,'",, 53%% Cupne | dneprist Iﬂ:"fg%; '::S:,’;?;'
R Gorie
h HEER
4 2)I')Kcn.'lyu*r.'lunou- — 0,803 | 0,79 0,919 0,858
Had UYACTL  NYCKO-
BLIX pacxoion
[ 3) Cupre 0,893 | — | 0,441 | 0645 | 0,536
,A)Stlcprnn 0,79 0,441 — 0,961 0,973
(5)3apa6ornan 0,92 | 0,645 0,91 - 0,987
naara
(6 ) Myckonananonr- | 0,858 | 0,53% | 0,973 | 0,987 —
uwie paborut
Key:
1. Research factors
2. Operating portion of start—up expenses
3. Raw material
4. Energy
5. Wages
6. Start-up and adjustment work

2 The multiple regression equation was calculated on a standardized scale.
Given such a scale, the arithmetic mean value is adopted as the start for
reading each variable, and the mean square deviation value is adopted as
the unit of measure.

Using the standardized scale, we first need to express all the variables
and functions among them through the scale, using the conversion formula:

f = X —x (29)

.
Ox
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where . 1is the corresponding value of the sign in the standardized
scale;
x 18 the value of the sign in the natural scale;

« 1is the arithmetic mean value of the sign;

o 1is the mean square deviation of the sign.

In the standardized scale for this research, the multiple rectilinear re-
gression equation takes the form:

71.2,:1,|.5=Bg’ﬁ_“}3'a+ﬁa’4‘l‘ﬁl t (30)
where Loa.s 1s the mean value of the standardized variable t
- corresponding to the assigned values of variables
iR R AR

- Bas Pur Bey By are standardized multiple regression coefficients;
Bi=0, g0 it is not incorporated in the equation;
fs, ls, 14, {, are standardized coefficients of variables M, 3, 3 C.

Using the paired correlation coefficients given in Table 27, we find the
standardized multiple regression coefficients:
0,893 = By - B5+0,441 - fi;-0,645 + B,.0,536;
0,79 = 0,441B, -+ By 4 0,961, - 0,97385;
0,919 = 0,6458, -+ 0,961B, -+ B - 0,987B,;
0,858 == 0,536, + 0,973p; + 0, 987P, 4 Be;
0,893 == By -|- By-0,441 - ,-0,645 4 B4-0,536;
- 1,791 == By + B,+2,268 + B+2, 179 - By 2,206;
1,425 <= By + Py:1,49 + 1,55.B¢ = Bs-1,53;
1,803 = By -+ Bs+1,815 4+ P 1,841 + 1,866+ By;
0,898 = 1,827.By -+ 1,634 -B, + 1,676B; -
— 0,366 =—0,778f —0,629B, ~ 0,676Py;
0,178 = 0,3250; + 0,201B, — 0,326f};;
0,492 = fy -+ 8408, + 0,914B,;
0,470 = B, + 0,808f, - 0,8698,;
0,548 = By + 0,895, - 1,034f;;
— 0,022 =—0,0328, — 0,0458,;
0,078 = 0,087f, - 0, 165f5;
0,638 = B, -+ 1,4060,;
0,897 == B, -I- 1,897fs;

0,209 = 0,4918;
ﬁb = 05426;
[Continued on following page]
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Be== 0,897 — 1,897.0,426 =- 0,897 — 0,808 = 0, 089;
By == 0,089;
Bs ~ 0,492 — 0,84.0,089 — 0,914.0, 426 ~ 0, 028;
e = 0,893 — 1,441.0,028 — 0,645.0,089 —
—0,536-0,426 — 0,506.

Substituting the coefficient values obtained in the multiple regression
equation in the standardized scale for this particular study, we obtain:

fLasas= 0,596¢, + 0,028, +- 0,089, - 0,426, (31)

where LJJJ;' is the mean value of start-up expenses;

+ 1s the standardized value of raw material cost in output
net cost;
is the standardized value of energy cost in output net
cost;
1 1s the standardized value of production worker wages in
output net cost;
i 1is the constant portion of output net cost.

Multiple regression equation coefficients fi, fa Bs. Bs demonstrate the speed
of change in the mean value of the function under the influence of one of
the arguments, given constant values for the other arguments.

All the variables of equation (31) are expressed in comparable units of
measurement, that is, in mean square deviations of the factors being ex-
amined. Consequently, coefficients By P, B+, fs show the comparative force
of the influence of change in each argument on change in the function. Ac-
cording to the equation, raw material cost has the greatest influence on
the level of start-up expenses.

For practical application, the multiple regression equation must be expressed
in a natural scale.

Given five variables, the multiple regression equation takes the following
form in a natural scale

5,,2,3,.,_520,+b2x2+b3:c,_+b4x4+b{_xb 32)

and corresponds to equation (28).

To compute coefficients bz, by by, b5, given in equation (32) we use the fol-
lowing formula: .
a
b=ﬂl_’
i

(33)

where f; are standardized coefficients of the multiple regression equa-
tion and 41 = 2, 3, 4, 5 for this particular study;
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{where]) o; 1s the mean square deviation of the corresponding factors.

The arithmetic mean values of the function and arguments (y and x) are de-
termined using the following formulas:

- Zny; | - _Enx; 34
=g w=Tg (34)

Value §, is determined using the following equation:
bl:!;"‘bz*'n—‘ba'xa"bcxd—ngg. (35)

The mean square deviation of the function and arguments ( o, and ox) is de-
termined using the following formulas:

2 ¢ —
oy = L/,‘ES%L'—-WHH
(36)
- ZnE) -y
. VTR
where n  is the size of the sample.

Product calculations EL x; and ¢; are given in Table 28 by function and argu-
ment for this study.

Table 28.
(2) Moxa3sarenn
(1) cpeancaprdme. cpeAnCKBaRpa-
Tpusnak THYCCKOC OTKAO- | THWIOE OTKAONC-
neHe lbyHKL(HM nHe  dynkign ®
It apryMenTon aprymenron
(3) (4)
(Sl)x;clrnyn'rnxmoun:iﬂ MacTL NYCKO- == 184,9 oy == 228,1
BLIX pacxopuon
(6 Xronsmocts CMPLA MycKOBUX pac- | Xg=Ti,7 0y = 146,4
X0a0n . ’
(7 Lroumoctn anekrposnepryss b nyc- | X3 = 13,5 0y = 14,74
KOBLIX PACXOAAX
(8 BapaGotuan naata b nyckonwx | X = 15,5 0g=16,2
pacxosax .
(9h)'cxonananouuue paGoTsl %3 =68,5 05=170,78
Key:
1. Criterion
2. Indicators
3. Mean arithmetic derivation of function and arguments
4, Mean square deviation of function and arguments
5. Operating portion of start-up and adjustment expenses

(Key continued on following page)
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(Key to Table 28, preceding page, continued)
6. Cost of raw material in start-up expenses
7. Cost of electric power in start-up expenses
8. Wages in start-up expenses
9. Start-up and adjustment work

We find value § based on the mean square deviations of the function and ar-
guments:

by =Py =+ = 0,928;
at

by = By —~ = 0,433;
1]

b= Pyt = 1,253;
a

by = bs - =1,373;
o

by == 1849 —0,928-71,7 — 0,433.13,5 — 1,253. 15,5 — 1,373.68,6 =—1,

In a natural scale, the regression equation takes the form
Y23,45=—1 +l0,928x’ -+ 0,433x3 + 1,253¢, -+ 1'373“’1
or, based on the notation adopted:
Oy.5,3.c = 1--0,928-M+0,433-9 -+ 1,253.3 -+ 1,373.C.
The equation reflects the influence of several factors simultaneously on

start-up expenses.

The multiple corirelation factor is determined based on standardized multiple
regression factors and paired correlation factors.

For the calculation, we use the formula

Risans=VBari2 FBsris T Biriq+Bsris * (37)

For a multiple regression equation with five variables, the correlation fac-

tor is: Ri, 2 3 4,5= 0.9

The possibility of making practical use of multiple regression equations

lies in the fact that they can be used to evaluate the value of start-up

expenses on putting enterprises of the chemical industry into operation.

For example, using output net cost data for the Rovenskiy Nitrogen Ferti-
lizers Plant, specific values for start-up expenses will be:

Ppaca =—1--0,928-1,64 -}-0,433-3,45 + 1,953 X
X0,8+1,373-4,95=9,8 rubles per ton.
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For an ammonia production voiume of 100,000 tons per year, start-up expenses

will be 9.8 + 100 = 980,000 rubles
Deviations from actual data are about nine percent.

Thus, the multiple regression formula derived enables us to adjust start-
up expenses estimates when they are verified by superior organizations.

Chapter III. Schedules for Starting Up New Production
Section 1. Setting Schedules for Starting Up New Production

The start-up period for new production is set for the various branches of
the chemical industry on the basis of "Start-Up and Adjustment Work Dura-
tion Norms for Finished New and Expanded Production of the Chemical Indus-
try." The existing norms, in this regard, do not take into account the
duration of work done by Orgkhim specialists in the prestart-up and produc-
tion capacities utilization periods. Under the normatives, the duration of
production start-up averages 3-4 months for the branch.

In order to determine the duration of Orgkhim representatives' participa-
tion in mastering newly operating production capacities, we use the "Nor-
matives of Planned Capacities Mastering Schedules" in effect in the chemi~
cal industry.

Just as in the "Norms of Time Required to Master Planned Capacities Being
Put Into Operation At Enterprises," these normatives also do not take into
account the time needed for start-up and ~djustment work.

The established norms for capacities mastering duration were developed with
consideration of the technical complexity of the production and are given
in the SNiP both for the enterprise as a thle and for individual lines,
shops, flow lines, units and installationms.

When enterprises are put into operation by line (start-up complex), the
mastering duration norm for the first line is taken at 50 percent of the
norm approved for the enterprise as a whole; for subsequent lines, the norms
together total the overall norm. For expanded enterprises, the duration of
mastering planned capacities is set at 15 percent less than the norms set
for a similarly specialized new enterprise; for renovated enterprises -~- 20
percent less. When the increment in capacity at renovated enterprises oc-
curred without increasing production area, the norm is reduced by 30 percent.

- 1. Tor example, depending on enterprise capacity, 8~18 months for ammonia
production; 12 months for chemical mining enterprises mining and en-

riching apatites (first line); same production, second line -- 12 months;
same production, third line -- eight months; for enterprises producing
high-pressure polyethylene -- six months; low-pressure polyethylene —-
12 months.

- I

FOR OFFICIAL USE ONLY

APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040039-2



APPROVED FOR RELEASE: 2007/02/08: CIA-RDP82-00850R000300040039-2

FOR OFFICIAL USE ONLY

In multiple-assortment production (aniline dyes, lacquer and paints), the
degree of capacity utilization is determined using the output assortment
actually being produced during the mastering period, with cotsideration of
the production complexity factor for the remaining products.

Normative schedules for mastering capacities in the chemical industry are
set at from six months to two years. A normative year is considered to be
a full actual year of enterprise operation, not counting the month the pro-
duction is put into operation.

Given a long mastering period of up to three years, it is recommended that
utilization of up to 25 percent of the planned capacity be planned for the
first year, up to 65 percent the second year, and up to 90 percent the third.

In the prestart-up period, wban engineering supervision and preparing pro-
duction for start-up are underway, we are governed by norms for planning and
surveying work which have been developed for the chemical industry by the
USSR Ministry of Chemical Industry's GIAP and which were approved in 1967

by the USSR Gosstroy, as well as by the Construction Duration Norms. Fol-
lowing the SNiP, the "Norms of Conmstruction Duration for Enterprises, Lines,
Start-Up Complexes, Shops, Production Facilities, Installations, Buildings
and Structures" take into account the time needed to comprehensively test
equipment and adjust it for chemical industry facilities.

Overall construction duration norms cover longer periods that the distribu-
tion of capital investments by year, due to the fact that the SNiP's anti-
cipate the time needed to start-up production, although start-up expenses
are not a part of the estimated cost of the facility.

The duration of participation by specialists in carrying out the entire com-
plex of start-up and adjustment work for individual types of production is
reflected in the Orgkhim price list. The relationship of work duration in
the prestart-up period, the start-up period and the utilization period, as
outlined by the price list, is given in Table 29 [following page].

The start-up period itself accounts for about 10 percent of the total dura-
tion of start-up and adjustment work.

In practice, the following work accounts for the following proportions of
the total production start-up period duration, in percent:

comprehensive testing 50-60
eliminating equipment defects revealed in the testing and

equipment design adjustments 20-25
production's reaching a steady technological routine and

obtaining the first lots of standard output 25-30

The normatives being extablished must reflect objective factors determining
start-up schedules for various types of production, such as: scale of pro-
duction, level of production specialization and combining, nature of pro-
duction, degree of production process complexity, production cycle length,
equipment complexity, output innovativeness.
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Start-Up and Adjustment Work Duration, based on Orgkhim price list

. 1 .
(2 ) ta). ({‘)mmo‘upcz;)nl'x‘r‘aro 38)
- -
(1) ;';- aa HagA0pH (7) g
y
¢ 135 G6), |£0] |
g 5z | a8 [B& g g
fIponssoacTao ° ¢ 8 ac £ Y ]
2 F = an )
€ S H °8 < °
3 Zegl Az 1&gl g2 | xm
g~ | §g%| ga I Eze ¢ £z
§5 | gfc| ZsElSEy| & | E%
3 | B8 28¢|=g2 | € | £2
9) AMMuaK 170 | 45 23 3 15
( Kpenkas azotman kue- | 309 | 27 2 4 9
a0Ta
( Ll)YKC)'cu:m RNCAOTH 13 251 22 | 12 J 6
AU TAALICTNHAA
(12)Uvoinoir  rpanyaupo- | 350 30 I 13 1 12
sanumit eynepdocdar
(13)Kanpononutii meai 4,71 50 30 241 3 20
(14)Buckosman  neaodano- 9| 45 4 20 3 18
st nACHRA i
(15)<Taku s svann ua noan- | 20 24 2 12 2 3
MUPRIALIOMILIX CMOAAX
(16)Kanuinue yaoGpenus 1200 | 40 2 22 4 12
(17) itonmsrnnen  vucotoro 60| 24 2 12 4 16
Rasrens '
( Ls)ﬂonuswupnme CMON 51 16 I 7 2 G

1. Production

2. Annual capacity, in 1,000 tons

3. Duration of start-up and adjustment work, in months
4. Engineering supervision period

5. At plan review stage

6. At construction-installation work stage
7. Start-Up Period

8. Capacities utilization period

9. Ammonia

10, Strong nitric acid

11. Acetic acid from acetaldehyde

12. Compound granular superphosphate

13. Capron silk

14. Viscose cellophane film

15. Polymerized resin lacquers and enamels
16. Potassium fertilizers

17. High-~pressure polyethylene

18. Polyester resins

I. A. Cherevko recommends that standard new production utilization norma-
tives be set on the basis of classification charts with consideration of
factors influencing their duration.
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Normatives must be classified for new and renovated enterprises with consi-
deration of universal factors characteristic for all branches and with con-
sideration of the specific factors relating just to individual branches of
industry.

Universal factors include the division of production into discontinuous,
continuous, and conditionally continuous.

Specific factors are the technological specialization of different branches,
the complexity of the output, production volume and working conditions. The
standard normatives for starting up and utilizing production can be grouped

as follows: by branch of industry, by type of production processes or type

of equipment, by enterprise or production sector capacity, by continuousness
of production processes, by output complexity group, by level of mechaniza-

tion and automation, for new and renovated enterprises.

The anticipated time needed to master the technology itself tin can be
calculated using the following formula:
usty

tm=LKu_K“ +tm (38)
P

where v 1is the factor for complexity of following technological
routine;
s 1is the equipment complexity factor;

fy 1is the production cycle duration, in days;

Kp 1s a factor taking into account production personnel work
habits;

Ky 1is the number of cycles needed;

L is the number of flow lines being mastered sequentially or
parallel-sequentially;
! 1s the duration of the process.

In view of the differing duration of manufacturing output in individual types
of chemical industry production, ?#; and /, are given in hours in the formula,
but will be in days in subsequent calculations.

Based on the formula given above and the coefficients found empirically and
recommended by I. A, Cherevko, we calculated the duration of technology mrs—
tering.

The calculation results, done for chemical industry production, are compared
(in Table 30, following page) with normative.and actual new production start-
up and utilization schedules.

The anticipated time needed to start-up individual types of chemical indus-

try production was determined based on the time needed to master the techno-~
logy and the duration of comprehensive equipment testing:
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Table 30. Comparison of Calculated Technology Utilization Duration With

Key:

. .

VENOTUVMSWN-

——
— O
. .

12.
13.
14.
15.
16.
17.
18.
19.
20.

Normative Start-Up and Utilization Duration, in months

) : 2) §( ) = @ OpMATHB
() o gi §§(ﬁ= ©.] D
TiponasoacTas ™e T E n ocno-
» ron % 5 E B | nvexa § epun
. 288 | §aBEs
(8 Ammnax 200 1 5 3 8
(9Xap6amna 180 3,6 9 3 12
| OAMMuaunas ceantpa 450 1,6 8 2 4
| 1 )softnoit cynepdochar 360 4 12 4 15
i 28 epian kucnora -+ 300 2 7 3 9
3Kaycruueckan cona 120 1 5 4 10
14 X0p ’ 100 6 8 3 10
| 5¢monn 60 2,5 2 | 6 5
slnacmaccosue Hage- 8 2,6 H/a |H/a | 1
(R Gn
(L7 ueraTnnk weax 13,6 10 8 3 {18
([L8Fumnueckue peakTsu 1 um, | 22 20 H/ax |H/n
(195 (20)

Production

Capacity, in 1,000 tons per year
Technology mastering duration
Actual duration of capacities start-up and utilization
Normative

Start-up

Utilization

Ammonia

Carbamide

Ammonium nitrate

Compound superphosphate
Sulfuric acid

Caustic soda

Chlorine

Resins

Plastic items

Acetate silk

Chemical reagents

One million rubles

[not further identified]

Tn=tx;o'|'.lm' (39)

N where Ty 1s production start-up duration;

ko 1is comprehensive equipment testing duration (consideration
should be given to SNiP requirements for mandatory test-
ing of individual units for 72 hours of continuous opera-
tion;
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and fm 1s technology set-up duration where K, depends on how well
previous work (construction-installation, comprehensive
equipment testing) was done and can equal 1 if good—quality
output is obtained in the first lot.

In order to check the feasibility and substantiation of the recommended
schedules for start-up and adjustment work, we did variance and correlation
analysis using data on actual schedules for starting up Orgkhim projects.

Based on the analysis of variance, conclusions can be drawn as to the actual
schedules for start-up and adjustment work which are most characteristic of
the different chemical industry production. And researching the correla-
tion function between start-up and adjustment work schedules and capital ex-
penditures, equipment cost and durution of construction-installation work
enable us to derive theoretical normatives reflecting the features and com-
plexity of the production.

Section 2. Analysis of Schedules for Carrying Out Start-Up and Adjustment
Work

1. Analysis of Variance of Schedules for Carrying Out Start-Up and Adjust-
ment Work

Analysis of variance is done based of discrete random values. In this re-
search, the discrete random values are considered the schedules for carry-
ing out start-up and adjustment work and deviations from them. The law of
distributior. of discrete random values gives a 1list of possible values X;
and probabilities corresponding to them.

As the probability, we adopt its relative frequency:

m
Pp=—,
n

In this instance, m is the number of enterprises for which carrying out
the work within certain time periods X; is chavacteristic and f is the
number of enterprises put into operation. When Jaking an analysis of vari-
ance, we examine the start-up schedules fcllowed by Orgkhim production sub-
units for new facilities.

Let's calculate the mathematical expectation of normative start-up period
schedules in comparison with actual schedules for carrying out start-up and
adjustment work at chemical industry facilities being put into operation.
In accordance with Table 31 [following page], mathematical expectation m;
of the normative production start-up schedule is

6
m= Y £ pt
it {-l' ¢ (40)

(m;=2.9months).
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Table 31. Calculating the Mathematical Expectation of Normative Production
Start-Up Schedules

Qaxrmie- BepoatrocT
Hopma- BeportiocTn "
THBHME | Konnvect- n:m::.':“ ﬁ'ﬁ“ﬁpﬁﬁ- Koau- nynnusgpln:."::::):fmx
;‘;,g': 80 “"P‘An' HODMATHBHOTO Jl'-"'ﬂ':’.' nl!peu;.o pn:o‘r Be%o::u_ﬁ::
(““":"’ - CP“: "yf,.“ (uneycmn) “l'"':“ c:ecyrng‘ ud:cm.'\ea
X PB oy ——
! U Xq i
‘ (2) (3) (4) 2) 1(5)
1 3 0,0500! 1 2 0,03334
1,6 1 0,01667
2 13 0,21671 2 6 0,10002
2,5 1 0,01667
3 32 0,53344 3 4 0,06668
4 8 0,13336 4 6 0,10002
5 3 0,05001 ] 4 0,06668
6 1 0,01667 6 8 ", 0002
7 7 6 0, 10002
8 6 0,10002
, 9 1 0,01667
: 10 - 5 0,08335
11 4 0,06668
12 4 0,06668
13 | 0,01667
14" 1 0,01667
15 1 0,01667
16 He srogumuce (7)
17 1 0,01667
Beero | 60=n 1 60=nt 1
&)

Key: .

1. Normative start-up schedules, in months

2. Number of enterprises

3. Probability of obtaining the given normative start-up schedule

4. Actual start-up time, in months

5. Probability that start-up and adjustment work will be done in the
appropriate number of months

6. Total

7. Not incorporated

The mathematical expectation m; of the actual schedule for carrying out

the entire complex of start-up and adjustment work is:
NN "
my= 3 £'P'
AP (41)
(my=6.6 months).

It is evident from a comparison of the research results that the participa-
tion of Orgkhim specialists goes beyond the framework of the start-up per-
iod. Actual time involved in carrying out the entire complex of start-up
and adjustment work is 6.6 months, instead of the 2.9 months using norms
for just production start-up. This conforms to the provisions on the com-
position of work done by Orgkhim production subunits in which, along with
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production start-up, their participation is anticipated in the prestart-up
period and in rendering assistance in utilizing production capacities after
the facility has been released for operation.

The magnitude of the deviation of actual start-up and adjustment work time
from the normative start-up schedules fluctuates within broad limits for the
individual branches of the chemical industry.

The deviation dispersion for the chemical industry is evaluated using the

formula 5 o
~{Xg—~—m n
B=
where 3 (y —m*)*n; = 772,586; (42)
n* =6_70g= 13 months.

The mathematical expectation of summary normative start-up and utilization
schedules for newly operating production is 13 months, which exceeds two-
fold the actual schedules for start-up and adjustment work by Orgkhim pro-
duction subunits.

The deviations of actual start-up and adjustment schedules from normative
start-up and utilization schedules for 60 production facilities put into
operation are as follows:

Magnitude of deviation of actual
schedules from normative ones,

in months -1 -2 -3 «4 -5 -6 -7 -8 -9
-10 -11 -12 -13 -14 -15 -16
-19 +2 +8
Number of production facilities 4 452757 17364211111
221

The law of distribution of a discrete random value can be depicted in graph
form, in which points connected by a broken line are set in a rectangular
system of coordinates. The figure obtained represents a distribution poly-
gon.

Using the data from Table 31, we set up a distribution polygon for the mag-

nitude of the actual duration of start-up and adjustment work and its devi-

ation from normative production start-up schedules (Figure 16 a, b).

Using the data from Table 32 [second page following], we set up a distribu-

tion polygon for normative production start-up and utilization schedules

and the magnitude of the deviation of actual start-up and adjustment work

schedules (Figure 17 a, b).

A comparison of actual schedules for carrying out start-up and adjustment

work with the summary normative production start-up and utilization times
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Figure 16. Distribution Polygon

) yop

L
s
5
.
3
2} paons
1

DI 2IeSETBII0NI2IINISH X J2I01 23456 28302081,

Key:
a. Magnitude of actual start-up and adjustment schedules
b. Deviation of actual production start-up schedules from normative
y —— number of production facilities
¥y = probability of deviation

x —— actual start-up and adjustment duration, in months
X == deviation of actual production start-up schedules from normative

Figure 17. Distribution Polygon
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Key:
a. Normative start-up and utilization schedules
b. Deviation from normative start-up and adjustment work schedules
y = number of production facilities
¥ -— normative start-up and utilization duration
x, —— deviation of actual start-up and utilization schedules from norma-

tive ones, in months

will obviously not be characteristic for the Orgkhim, since the participa-
tion of specialists from this organization throughout the production master-
ing period is not anticipated by the existing provisions.

The values of deviation of actual Orgkhim start-up and adjustment work sched-
ules from normative ones are given for individual branches of the chemical

- industry in Table 33 [second page following].

Analysis of variance data testify to the presence of considerable reserves
in the schedules for carrying out start-up and adjustment work.
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Table 32. Calculating the Mathematical Ixpectation of Summary Normative
Production Start~Up and Utilization Schedules

- MaTemaTieckoe

OXHAANNE CyHuMap-
cpoms | e pandrs
ostott o | Nommeere, | P | Thownut
x4 m W o m ., b
‘ Py = my= Z X“‘ Pln
) (2) (3) (4) _ i=t
I 1 0,016 0,015
2 2 0,03 0,06
3 1 0,015 0,045
4 1 0,015 6,06
5 1 0,015 0,075
6 2 0,03 0,18
7 2 0,03 0,21
8 3 - 0,0448 0,358
9 4 0,058 0,522
11 8 0,12 1,32
12 9/ 0,135 1,62
13 3 0,0448 0,584
14 5 0,0747 1,045
15 10 A5 2,25
17 2 0,03 0,5
19 2 0,03 0,57
21 4 0,058 1,218
22 1 0,015 0,33
24 1 0,015 0,30
26 1 0,015 0,39
27 | 0,015 0,405
2% 2 0,015 0,420
29 1 0,015 0,435
) Beero 67=n 1 ’ 13,08
Key:
1. Normative schedules for starting up and utilizing capacities, in

months
2. Number of enterprises
3. Probability of obtaining unormative schedulecs
4. Mathematical expectation of a summary normative schedule of start-
up and adjustment work
- 5. Total

The analysis of variance done here enables us to judge what start-up sched-

ules are most characteristic of the different branches of the chemical in-
dustry.

2. Correlation Analysis of Schedules for Carrying Out Start-Up and Adjust-
ment Work
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In accord with the SNiP, schedules for starting up different chemical in-
dustry production differ insignificantly (by 3~4 months), which does not
reflect the features and degree of complexity of setting up the equipment
and technology of individual types of production. In order to reveal, using
correlation analysis, the duration of production start-up as a function of a
number of determining factors, we examined actual schedules for the partici-
pation of Orgkhim production subunits during start—up of facilities and fin-
ishing producticn capacities.

The interrelationship of actual start-up and adjustment work schedules with
a number of indicators enables us to draw conclusions as to the theoretical
schedules for starting up production in different branches of the chemical
industry. Calculations have shown the presence of a close correlation be-
tween actual start-up and adjustment schedules and capital expenditures,
equipment cost, and normative construction-installation schedules.l A cor-
relation factor describing the degree of connection between the indicators
and equations of theoretical regression lines which represent the form of
this connection are given in Table 34 and Figures 18, 19 and 20.

Table 34. Summary Table of Results of Calculations of the Connection Be~
tween Actual Start-Up and Adjustment Work Schedules With Differ-
ent Indicators

- Hoxasstenn Kowbdmusient Teopethicexan Mt
1) 2) Koppeanuing (3) perpece
- &) Kanuraasnue 3arpaTul 0,799 yr=3,61-0,19
Ha CTPOMTCALCTBO '
5)Cronsocts o6opyacsa- 0,788 yx=3,65-0,383
s
(é)Hop:.xaTmmue CPOKH 0,779 yx=1,454-0,5
CTPOITC ILHO-MONT A~
iy pator

Key:
1. Indicators
2. Correlation factor
3. Theoretical regression line
4. Capital expenditures on comstruction
5. Cost of equipment
6. Normative construction-installation work schedules

The presence of a close interconnection between start-up and adjustment work
schedules and such indicators as start-up expenses and expenditures on start-
up and adjustment work has not been established. The correlation factor be-
tween start-up expenses and schedules for carrying out start-up and adjust-
ment work is r,, =0.4, that is, an inadequate connection. The absence of
such a connection is also supported by the fact that start-up expenses for

1. SNiP, part III, section A, paragraph 5.
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Figure 18. Correlation Connection Between Actual Start-Up and Adjustment
Work Schedules and Capital Investments

N ctmueaSIRNSITASEIC
T

1 3

L 1 L 1
- 17 10 20 3B W U 60X

Key:
y -~ actual start-up and adjustment work schedules
x ~-- capital investments

Figure 19. Correlation Connection Between Actual Start-Up and Adjustment
Work Schedules and Equipment Cost

”
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"
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g
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Key:
y -- actual . art-up and adjustment work schedules, in months
X -- equipment cost, in millions of rubles

different types of production differ considerably, given the exact same
schedules for starting up chemical production, depending on their features.
For example, given a work duration of eight months, start-up expenses for
an acetate silk production facility are 5,600,000 rubles; with a work dura-
tion of 10 months, start-up expenses for a polyvinylchloride production fa-
cility are 272,000 rubles, and for a caprolactam production facility --
5,740,000 rubles.
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Figure 20. Correlation Connection Between Actual Start-Up and Adjustment
Work Schedules and Construction-Installation Work Schedules,

in months
Key:
y -~ actual start-up and adjustment work schedules
x —- construction-installation work schedules (normative)

Neither was a strong correlation connection discovered when comparing sched-
ules for carrying out start-up and adjustment work with their cost rxy=0.3
for newly operating chemical industry production. However, the function of
these indicators for production of the same type is satisfactory. Thus, the
correlation factor between the schedules and cost of start-up and adjustment
work for ammonia production riy =0.6; for sulfuric acid production rx,=0.8.
When we attempted to compare actual schedules for carrying out start-up and
adjustment work with the_ designed ease of equipment maintenance for differ-
ent types of production,” an unsatisfactory connection was revealed ry, =0.25;
there was no connection ryy; = 0.03 when compared with the cost of planning
the technological portion of chemical industry production.Z

The forms of correlation connection established for the indicators enable
us to derive theoretical schedules for carrying out start-up and adjustment
work (Table 35, following page).

Thus, correlation analysis demcnstrated a close dependence between schedules
for carrying out start-up and adjustment work and capital expenditures and
construction-installation work schedules for chemical industry projects, and
it enabled us to establish the form of the connection and to derive theore-
tically possible schedules for starting up and adjusting capacities being
put into operation.

N
A

1. "Sistema planovo-pradupreditel'nogo remonta khimicheskogo oborudovaniya
. i transportnykh sredstv na predpriyatiyakh khimicheskoy in neftekhimi-

cheskoy promyshlennosti' [System of Planned Preventive Maintenance for
Chemical Equipment and Transport at Chemical and Petrochemical Enter-
prises], Scientific Research Institute of Technical-Economic Research,
Moscow, 1967.

- 2, Section 12, "Chemical Industry,"” in "Sbornik tsen na proyektnyye i izys-
katel'skiye raboty dlya stroitel'stva" [Price Handbook for Construction
Planning and Surveying}, Moscow, Izd-vo Stroyizdat, 1969.
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Table 35. Theoretical Norms of Start-Up and Utilization Duration for New
Production Capacities, derived based on regression equations

2) | ao=(3) 3.64)]|(5)8

el :5;( ) gi? P8

= 0o v . o

(1) E = lc:' H g 2 N "

TponasoncTa x Seg §°% ]

® EEEx = v

8- | 8872 | £5 g

2u Sa%Y x5 :

Sz | €223 | sz8s g
(6)AMMH3K : 100 6,5 5 41,6

» 400 14 15 —1
(7)Cepuan xucnora 180 5 2,8* | 42,2
(8)To xe 300 6,5 7 —0,5

360 7 7 —

(Q)YKC)'cx(au KHCAOTa 25 4 "6 —2

- 10)Tpoeron cynepdocdar 640 . 5 4 -1

11 )sofinoft cynepdiocdar 700 9 12 -3
12 )Asxmodoc 400 7,6 11 —-3,5

13)Hutpur amMonus 45 4 6 —2
14 YMeranon , 100 5,8 6 -0,2
15 )KapGamug, 180 5,6 9 —3,4

16 Wumnaunas ceurpa 400 6 8 —2
17 Xanufune ynodpennus 2400 11,5 12 —0,5

18 )Bennnayerar 11 4 7 -3

19 YA\neravnnit weax 13,6 12 8* +4

20 )Bucko3niit Kopa 17,5 14 17 -3
21 Ylomuabupuuit nax 2,5 3,7. 4 —-0,3
* Yaciuunoe yuactue cmeunannctos OpPrxiMa s OCBONHHK NPOH3IBOLCTOCH-

HBIX MonLucTen.

Key:

1. Production

2. Annual capacity, in 1,000 tons

3. Theoretical capacity start-up and utilization norms, in months
_ 4, Actual capacity start-up and utilization norms, in months
: 5. Deviations of schedules

6. Ammonia

7. Sulfuric acid

8. Same

9. Acetic acid

10. Simple superphosphate
11. Compound superphosphate
12. Ammophos
13. Ammonium nitrite
14. Methanol
15. Carbamide
£ 16. Ammonium nitrate

! 17. Potassium fertilizers
18. Vinylacetate
19. Acetate silk
20. Viscose cord
21. Polyester lacquer
(*) Partial Orgkhim specialist participation in mastering production

capacities
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Section 3. Using Network Planning to Reduce Schedules for Carrying Out
Start-Up and Adjustment Work

Comprehensive testing and the test start-up and utilization of production
capacities can be done intensively, at speeds and under conditions close to
planned conditions. In this regard, energy expenditures and production
wastes are generally high.

A gradual, extensive development of capacities is also possible, beginning
with minimal speeds and performance. 1In this instance, the work schedule

is prolonged, but losses are less. Intensive start-up and adjustment work
is justified when the servicing shops are ready and are ensuring correspond-
ing rates of capacity increase.

In order to obtain technically substantiated normatives for carrying out
start-up and adjustment work schedules, we need to break the entire produc-
tion start-up process down into parts and analyze the influence of various
factors on its duration.

The total time needed to carry out start-up and adjustment work can be re-
duced by reducing the duration of individual jobs by doing them in tandem
and eliminating gaps between related work stages.

This is facilitated in considerable measure by network schedules and find-
ing the critical path which determines the start-up and adjustment work
schedule and which enables us to reveal reserves for reducing overall dura-

“ tion of the start-up period. At present, network start-up schedules are
being drawn up for several newly operating facilities by the Orgkhim and
Lenniigiprokhim UPNR, whose positive experience enables us to conclude that
it is necessary to continue expanding this work.

Standard network schedules for start-up and adjustment work for similar types
of production are among those schedules with the most current interest.

Drawing up and optimizing network models enables us to reduce the overall
time involved in start-up and adjustment work and thus ensures the accel-
erated release of the facility for industrial operation, high economic ef-
fectiveness of expenditures, and the release of additional output for the
national economy. The use of network planning and management (SPU) in
starting up and utilizing, for example, an installation to produce polyvinyl
dispersion at the Severodonetskiy Chemical Combine enabled Orgkhim special-
ists to reduce the start~up period by 20 days and the utilization period by
18 days as against the normative schedules.

According to calculations by the author, minimizing the total time needed

to carry out that program provided the national economy with additional out-
put worth five million rubles and ensured an enterprise profit of 732,000
rubles, recompensing expenditures on Orgkhim technical assistance to the en-
terprise in 20 days. The Severodonetskiy Chemical Combine used a standard
schedule to plan and manage start-up and adjustment work on the polyvinyl
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acetate dispersion production facility (Figure 21). It was adjusted to con-
form to actual work progress in the preparatory and start-up -period. Events
16 and 24 divide the entire schedule into three periods (preparatory -- 0-16,
start-up -- 16-24, utilization -- 24-31).

Figure 21. Network Schedule for Start-Up and Adjustment Work for a Poly-
vinyl Acetate Dispersion Production Facility

Period I equals 53 calendar days; II -- actually is 40 days, instead of the
60 according to the normatives; III -- actusliy 72, instead of 180.

The critical path passes through events: 0 1 4 7 10 12 14 15 16 17 18 19 20
23 24 25 27 29 30 31.

We also calculated the parameters of the network models of start-up and ad-
justment work by type of production:

chemical fiber (figure 22);

ammonia (Figure 23);

thermic phosphoric acid (Figure 24).

The schedule network model of start-up and adjustment work contains the fol-
lowing calculations:

1. A list of the events, jobs and connection between them, the schedule
cross-linking.

2. A definition of the anticipated duration of the work fox in accord
with the beta-distribution law:

t 44 -
fmzﬂ_;;-_‘*;w (days), (43)
where /g is the minimum possible time for doing the work;

{max is the maximum time for doing the work, given an extremely
unfortunate coincidence of circumstances;
tyvs is the most probable time needed to do the work.

The dispersiou determining the probability of deviation from calculated 0%M<
value

2 _ (tmax — fmid)?

o = 6 ’ (44)
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Network Schedule of Start-Up and Adjustment Work for A Chemical Fibers Plant

Figure 22.
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Figure 23. Network Schedule of Start-Up and Adjustment Work for an Ammon-
ia Production Facility

Figure 24. Network Schedule for Start-Up of a Thermic Phosphoric Acid Pro-
: duction Facility

1
-
——————d

3. Determining event (Ro) time reserves:

R0=Tnl—Tpfr (45)

where 7w is the latest of the permissible schedules for accomplishing

the event;
Tp; is the earliest possible schedule for accomplishing the event.
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4. Finding the critical path in terms of maximally early time and mini-
mumally late time for accomplishing events having a zero time reserve.

5. Determining the full time reserve for jobs Ry, which do not coin-
cide with the critical psth:

Rayy=Tat -=Tpr—1y, (46)
where 7T, 1is the late time;

Tp is the early time;

i is the initial event of the job;

i is the final event of the job;

i) 1s the duration of the job.

6. Calculating partial time reserves for jobs where paths of differing
duration intersect:
a) first type —- jobs following events at which paths intersect:

Ry =Ty~ Ty —1yi 47)

b) second type -- jobs immediately preceding events where paths in-
tersect:
Ruy =Ty =Tp — 4.
(48)

7. Using time reserves to restructure the schedule in order to optimize
it.

8. Determining work strain factors (Kuwij), used to judge the sequence in
which the work is to be done, to judge how freely available reserves can be
placed at one's disposal. The lower its wvalue, the greater the relative re-
serves the given path in the network possesses:

_ Ruif
1 (Lgp) —1' (Lup)

Kugy =1 (49)
where t(Lnp) 1s the length of the critical path;

{'"(Lyp) 1s the length of the segment coinciding with the critical
path.

9. Determining early and late times for beginning and finishing indi-
vidual jobs:
earliest possible time for starting a job (Tpmi;) equals early time

for the initial event (Tw) ;

latest permissible time for starting a given job Tuuij equals

Tonal = Tup — 4. (50)

See page 111 for the calculation for Ky [formula (49)].
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The earliest possible time for completing a job  Tiv.i; equals:

Tpoutl = Tpe+ 4. (1)

The latest permissible time for completing a job Twoij equals the late
time for the final event (7u;) .

All the enumerated calculations are represented in the "Network Parameters"
tables (Tables 36, 37, 38, 39).

Table 36. Network Parameters for Start-Up and Adjustment Work on a Poly-
vinyl Acetate Dispersion Production Facility

; 2y @ | 9=l (D F |8 (249
- g i | Eal 8, | oz |2t |a=
g 2= Sl zE | 8 g5 | &7 |2
o s | e 2z ) 82| 1 ¢ |82 =88 -
¥ = 2 o9 ax 2 ag & =
g R 55 | o8| & ol et TR -y
2l 515 |g% 8z | 28| 33 |E2Si%%
g £ e E: a% ,';“J! =2 g5z 3 E; %
21 B3B8 |88) 83| et |FEu|sld
0 1 2 2 2 0. 0 0 0
0| 29 2 2 5 3 3 3 0
o 3] 2 2| 9 |. 9 9 0
0 6 3 3 11 8 8 8 0
0 7| 8 3 6 3 3 3 0
0| 18 3 31 o6t 50 '59 59 0
1 4 4 6| 6 0 0 0 0
2] 5 ] 3 6 3 3 0 0
3 6 0 2 11 9 9 0 0
3| 8] o 2 | &7 55 55 46 0
3w 1m ] .| 4 2% % 17 0
4 7 0 6 6 0 0 0 0
4 g8 { o 6| & 5] 51 51 0
- 51 7 0 3] 6 3 3 0 0
51 81 0 3 | &7 54 64 51 0
6 9 29 | 32| 40 8 8 0 0
7 1w | 12] 18] 18 0 0 0 0
8| 19| 10| 16| 67 51 51 0 0
9| 1| 13| 4| 83 8 8 0 0
9 | 14 0| 32| 45 13 13 5 0
0] 12| 3| 2] 2 0 0 0 0
10| 13 3o | 8 32 32 32 0
10| 16 31 21 | 53 32 32 32 0
Il 6 0 45 53 8 8 0 0
“ o2 4 ] 49 | 69 20 20 12 0
12 1 14 | 24 | 45| 45 0 0 0 0
13 | 16 0| 21| 83 32 32 0 0
14 | 15 6 | 51 | 5 0 0 0 0
15 16 2 53 53 0 0 0 0

(continued on following page)
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Table 36 (continued)

16 17 7 60 60 0 0 0 0
17 18 2 62 62 0 0 0 0
18 19 5 67 67 0 0 0 0
19 20 2 69 69 0 0 0 0
20 21 6 75 75 0 0 0 0
.21 22 10 85 90 5 5 5 0
2] 23 15 90 90 0 0 0 0
22 23 0 85 90 5 5 0 0
23 24 3 93 93 0 0 0 0
24 % 6 99 99 0. 0 0 0
24 27 15 | 108 | 119 11 11 1 0
24 26 17 1 110 | 110 0 0 0 0
25 27 2 | 119 | 119 0 0 0 0
27 29 36 | 155 | 155 0 0 0 0
26 28 39 | 149 | 149 0 0 0 0
29 30 6 | 161 | 161 0 0 0 0
30 31 4 | 165 | 165 0 0 0 0

Key:

Initial event

Final event

Time estimate

Early time for accomplishing the event
Late time for accomplishing the event
Event time reserve

Full job time reserve

Partial job time reserve, I order
Partial job time reserve, II order

« e e

O 00NN WN
. .

Table 37. Ketwork Parameters for Start-Up and Adjustment Work on a Chemical
- Fibers Plant

1) 2) ' éﬁ) (4) 1 L5) |(6) |«7) | ()| (D)
18 =
3 o o 3 E3 o £ >
e |« |5 1E g T o|E O|E |
s | % 5 ¢3 es |82 (81 |3 o
5l a 85 £8. |25, §§=~ §§q~ 25| g2
28 | 2n | E8F| §3%7| 2RAT | SueT 2395 | 25F | £8¢
0 0--1 720 0 720 0 720 0 0
0 0—19 8 0 8 909 917 909 0
0 0—20 24 0 24 992 | 1016 992 0
0 0--211 0,5 0 0,56 | 1057 | 1058 | 1057 0
1 1-2 0 720 720 727 72 7 0
l 1--3 13 720 733 819 832 9 0
1 {—4 84 720 801 720 8 0 0
! 2--14 10 720 730 787 797 67 [{]
! 2-.15 J 720 723 764 767 44 1]
(continued on following page)
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Table 37 (continued from preceding page)

1 2-16| 40 720 | 760 | 797
1 2.17] 20 720 740 | 742
1 2-18|. 70 720 79 | 727
1 2-32] 24 720 744 | 1079
1 .5 13 733 746 | 832
1 48 6 804 8l0 | 804
1 5—6 14 746 760 | 845
1 6—7 | 0,25'| 760 760 | 859
1 7--13] 0,17 | 760 760 | 859
1 89 46 810 856 | 810
1 9—10 1 856 | 857 | 856
1 |1o0—11]| 0,25 | 857 857 857
t |10—13| 0,33 | 857 | 857 | 859
1t l11--12] 0,25 | 857 |- 857 | 857
1 {12—13 2 857 | 89 | 857
3 |13—22f L, 859 861 859
1 |14--18 0 730 | 730 | 797
1 |15—16 0 723 | 723 | 767
1 |16—18f 30 760 | 790 | 767
1 [)7—18} 35 740 | 715 1 762

4 |18-30]| 256 790 | 1046 797
1| 1924 4 - 8 12| 917
1 |20—28 1 24 25 | 1016
1

1

1

2

1

1

1

26--29| 32 985 | 1017 | 991

1 |27—28| 74 1000 | 1083 | 1009
1 |28—29] 7 1016 | 1023 | 1016
2 [29—-32| 80 | 1023 | 1103 | 1023
1 {30--32 1046 | 1096 | 1053
1 |31—32| 0,33 | 0,75 | 1008 | 1102
4 |32-33 1103 | 1135 | 1103
1 |33--34] 0,12 | y1a35 | 1135 | 1134
1 |83—35] 600 | 5135 | 1735 | 1135
1 134—35] o0 | 1135 | 1135 | 1735
2 [3s—36] 2 1735 | 1737 | 1735
1 {36—37]| 24 1735 | 1761 | 1737
1 |37-38[ 10 1761 | 1771 | 1761
1 |3s—30] 24 1 | 1795 | 1t
1 139—40{ 16 1795 | 1811 | 1795
i j40—4y| 24 1811 | 1835 | 181
1 {41—42| 250 | 1835 | 2085 | 1835
1 {42—-43] 3 | 2085 | 2088 | 2085
1 |42—45] 2 | 2085 | 2087 | 2122
I [43—45] 24 | 2088 | 2112 | 2088
; 4445 12 2112 | 2124 | 2112
15461 24 | 2124 | 2148 | 2194

} 46—47| 8 | 2148 | 2166 | 2148
14748| 6 | 2156 | 2162 | 2156

ooNCOoOQ

-
Ao
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N
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DD ODDCT TS

~~ooo

1101

g
CSOCDOO O

@
OO0 NODD OO0

[Key on following page]
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Key (to Table 37, preceding two pages):

1. Number of preceding jobs 6. Late start of job
. Job code 7. Late finish of job
Job duration 8. Full job reserve
Early start of job 9. Event time reserve
Early finish of job

v wN

Table 38. Network Parameters for Start-Up and Adjustment of an Ammonia
Production Facility

‘ / fox Tt Tt R, Rllll
0 | 2 2 3 ] 1
1 2 45 47 48 ! 1
2 © 3 31 78 79 1 {
2 4 30 77 79 2 2
3 7 63 142 142 1} {
4 b 25 102 104 2 2
5 6 6 108 110 2 2 .
(] 7 32 142 142 0 2
7 8 24 166 166 0 0
8 9 9 175 . 175 0 0
9 44 15 190 190 0 0
4 36 25 102 134 32 22
4 34 20 97 100 3 3
34 24 16 112 115 3 3
36 42 22 126 156 31 32
35 8 21 1656 166 0 0
29 37 15 145 175 30 30
37 44 15 190 190 0 30
11 12 15 3! 31 0 0
12 13 6 a7 | 3 0 0
13 14 6 42 42 0 0
14 15 6 48 48 0 0
- 15 16 3 51 51 0 0
_ 16 17 16 67 67 0 0
- 17 18 2 69 69 0 0
18 19 5 74 74 0 0
19 7 68 142 142 0 0
10 33 24 26 27 ] /]
33 17 40 67 13 1] 0
10 38 19 21 52 31 3t
38 39 25 46 77 31 31
39 40 32 78 109 31 31
40 41 16 94 125 3l 31
41 42 31 125 156 31 31
42 43 29 154 185 31 3!
43 44 5 190 190 ] 31
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Table 39. Network Parameters for Start-Up and Adjustment Work for a Thermic
Phosphoric Acid Furnace Shop

’ . - = — o
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(continued on following page)
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Table 39 (continued)
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Network schedules can be computed not only in time terms, but also in terms
- of cost of carrying out individual work stages, anticipating the distribu-
tion of materials, energy and labor resources.

The use of network schedules for carrying out start-up and adjustment work
enables us to determine precisely the amount of work and coordinate all the
jobe anticipated by the program, their mandatory sequence and interconnec-
tion, the demand for resources at all work stages. The network model pro-
vides an opportunity to represent the entire program graphically, to deter-
mine the optimum path leading to the final goal, to substantiate the planned
schedule for completing all work, to delineate the most important work and
strengthen operational control over the course of carrying out that work, to
distribute and maneuver resources correctly.

Various paths lead from the initial event to the final one; the longest of
them is the critical path. In the diagram (Figure 21), it passes through
events 0 1 4 7 10 12 14 15 16 17 18 19 20 21 23 24 25 27 29 30 31. Jobs

= 24-26 and 26-28 are not included in the complex of work to master the pro-
duction facility and for that reason need not be taken into account when
calculating the network schedule to choose the critical path.

To reveal the degree of strain in carrying out individual jobs with time re-
serves available, we derive Ki;;.

Calculation of the strain factors:

ts_ 7Ky =1 _ﬁs—:(;’eﬁ———s_)-=0'5;
Y Kn{[= 1 —1_6_5—:(—21—?35_-—75—) =0,42;
to_1g Kn1/= 1 —m: 0,7]!:
fiass Koy =1 “1’5:(%;2'5—_53) = 0,395;
{”"7K"’/=1—T6'5__:??_6.5‘:G—)= \5;
typets Ky =1 —ES-——(;;:&S = 0,849;
g6 Ky = ! _Eﬁ_—_(—:l’ézs;:s—é-)z 0,39%;
ly-1aHpy =1 — E:T?%S—:@ == 0,05;
lo—goKugp =1~ E——(—?(:—S—:m =0,2;
20 '
Lypegn Ky == 1 —m =0,71;
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ety = 1 = 565 gy = 0445
11
bor oK)y | oo
24-27 Bty 165 — (165 — 119) 0,9075,

where ! 1is the job designation.

In order to coordinate performing jobs and work stages in terms of time,
labor and material resources, in addition to network schedules, the Orgkhim
draws up mock-ups for similar production facilities. The mock-up is a gra-
phic linking of the performance of construction-installation work for pre-
start-up period work donme by Orgkhim production subunits to jobs in the pro-
duction start-up period and the capacities utilization period.

The availability of a mock-up enables us to anticipate the most responsible
sectors, to plan the worker's job with a maximum load at each stage, and to
blend work performance in time.

The initial data for drawing up the mock-up and distributing resources are:
a work organization plan and schedule of construction-installation work;
a start-up and adjustment work schedule for ‘the start-up period, an
agreement to do start-up and adjustment work, and the cost of the work based
on a price list or on calculation;
the quantitative and skills composition of the production.subdivision
and its degree of participation in work stages in terms of time.

The mock-up of start-up and adjustment work organization must be used in the
daily operational work of the production subunit. The complex of all work
to be done is determined by the program, and the purpose of drawing it up is
to improve the organization and quality of the work done.

The availability of mock-ups for each individual production facility en-
ables us to merge a number of work stages for several production facilities
at the same time and, in so doing, to lower expenditures on start-up and ad-
justment work. The savings in labor and material resources and in time in
performing start-up and adjustment work can be judged by the given mock~up
of work organization at sulfuric acid production facilities (Table 40, fol-
lowing page).

The drawing up of start-up and adjustment work organization schedules takes
into account that they will be carried out in parallel, thanks to which it
is possible to reduce these expenditures as against the normative as early
as the planning stage.

It is evident from Table 40 that labor expenditures on start-up and adjust-
ment work are 60 percent below the normative and that work cost is 53 per-
cent below the normative.
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One day of the start-up period accounts for an average of:

normative actual
work cost, in rubles 709 362
labor expenditures, in man-days 36 17

Analysis of actual data from the Orgkhim for a number of production facili-
ties enables us to conclude that there are significant reserves for reducing
the start-up period for sulfuric acid, ammonia, carbamide and compound su-
perphosphate production.

Section 4. Economic Effectiveness of Reducing Start-Up Schedules for New
Production Facilities

Reducing capital investment "lag," that is, the time from the start of the
investment to its used in production in the prescribed amount, with optimum
economic parameters, is of great importance in increasing the effectiveness
of social production. In order to de‘ermine the average time capital invest-
ments are withdrawn from circulation during construction, V. V. Novozhilov
recommends using the following formula:

T
2 Ke(To—ti+1)

= Lt — (52
To= Ko ’ )
where To is the average time capital inves.uents are out of cir-
culation during the construction period;
Ki is capital investments for a calendar year of construc-
tion, v ;
I are calendar periods in which capital investments are
made;

(To-—-t:}1)  1s the time separating year of investment from com-
pletion of construction;
Ko is the estimated cost of construction.

In order to increase the intensiveness of the output reproduction process,
the fixed assets reproduction cycle must be shortened. Academician S. G.
Strumilin notes in "Faktor vremeni v proyektirovanii kapitalovlozheniy"
[The Time Factor in Planning Capital Investments] that, in connection with
technical progress, production assets depreciate with time by the value

Co
Ce= (tp) "’

(53)

where (; is the value of the assets in the T-th year;
Co is the initial value of the fixed assets;
P is the annual increment in labor productivity nationwide;

{ 1is the time which has passed since the initial appraisal of
the assets.
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In this connection, according to the "Standard Methods of Determining Capi-

tal Investment Economic Effectiveness,'" when solving the problem of choosing
the most optimum variant in terms of construction schedules and distribution
of capital investments by year, capital investments are, with consideration

of referring to these expenditures in time at the moment the construction is

finished:

T .
= )
Kr IEIKII(I—‘—P“ [ (54)

where Kr are capital investments for the entire construction period, 7;

P, 1is the normative to determine expenditures at various times.
Its value cannot be higher than the rates of increment in
national income which have evolved (it equals 0.08 using
the standard methods);

Ki, are capital investments in the year of the expenditures.

When evaluating capital investment effectiveness with consideration of the
influence of the time factor, expenditures and results relating to different
periods of time are made comparable using this particular formula.

However, giving capital expenditures with consideration of the time factor
- cannot, under the Standard Methods, serve as a basis for changing the es-
timated cost of construction.

V. G. Kiyevskiy proposes takirig the time factor into account when estimating
construction cost as well.

A. I. Zavulunov notes! that expenditures given for a certain year do not
anticipate mastering of the planned indicators of the enterprises being put
into operation. In order to take expenditures and results of social labor
into account more fully and to determine the national economic effectiveness
of capital investments and the time needed to recompense capital expendi-
tures, the author proposes that we calculate, with consideration of time ex-
penditures on construction, the mastering of planned indicators and the per-
iod for reimbursement of the state for these expenditures using the formula

n

Toc= e Ont (—"°—) (55)

where Tox is the time needed to recompense capital investments;

« 1is a factor describing the relative degree of capital invest-
ment "freezing" depending on the distribution of financing
by year;

1. Handbook of scientific information "Metodika i praktika opredeleniya ef-
fektivnosti kapital'nykh vlozheniy i novoy tekhniki" [Methods and Prac-
tice of Determining the Effectiveness of Capital Investments and New
Equipment] , 20th Edition, Moscow, Izd-vo Nauka, 1972,

11,
11k
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and 7, 1is construction duration, by year;

Onn  is the normative time needed to master planned indicators, in
years;
K, are capital investments in the project, in rubles;

/1 is the annual profit of the faciiity after it is in use.

In A. I. Zavulunov's opinion, "mormative schedules for recompensing capital
investments or normative effectiveness factors should be establisl.ed with
consideration of full expenditures from the moment the financing starts."

Reducing the time needed to create new production capacities is an enormous
reserve for increasing the effectivenmess of social production. In order to
calculate the size of the economic impact of accelerating the start-up of
new capacities, we recommend use of the following formula

3=EH¢AAT—AK, (56)

where £, is the normative capital investment effectiveness factor;

%y 1is the value of fixed production assets being put into opera-
tion;
AT 1is the period by which construction duration is reduced;

AK are additional capital expenditures needed to accelerate put-
- ting production capacities into operation.

This formula expresses the benmefit over a certain time segment from putting
new production into operation ahead of schedule by reducing construction
time, with consideration of the additiomal expenditures needed to do this.

The time interval between making the capital expenditures and obtaining the
full results of operating new production includes not only the construction
period, but also the start-up and full mastering of its production and eco-
nomic indicators.

But the practical determination of time needed to recompense capital invest-
ments is based on the proposal that an enterprise begins paying for itself
immediately after construction is complete. Thus, the economic effective-—
ness of capital investments should, in our opinion, be calculated with con-
sideration of expenditures of time on starting up production and on the eco-
nomic mastering of production indicators.

An enterprise recompenses expenditures when planned capacity and output net
cost have been fully mastered. The fact that the time involved in starting
up and mastering newly operating production capacities is not reflected in
the existing methods for determining time needed to recompense capital in-
vestments can only be explained by the fact that expenditures on the start-
up and utilization are made through enterprise basic activity (it should be
noted that they are financed even before the start of smooth output release
as expenditures of future periods) and are not anticipated in capital
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expenditures. Even putting up a facility in the capital construction pro-
cess does not enable one to begin operating it. The start-up process is
- an embodiment of the labor results of adjustment personnel.

K. Marx distinguishes two types of activity: that producing results, and
that which does not create consumer values, that is, which 1s related to
the services sphere. He writes: "A known kind of /services/, in other
words: /consumer values/ which represent the result of known types of ac-
tivity or labor embodied in /goods/, but other services, on the contrary,
do not leave tangible results which /exist separately/ from the providers
of those services; in other words, their result is not a /commodity suit-~
able for sale/."1 This kind of services includes technical assistance to
enterprises in starting up new production on the part of specialized or-
ganizations. Start-up and adjustment work is a necessary element in com-
pleting installation work at a facility. At the same time, test start-up
of a facility to produce the first lots of output is the start of the pro-
duction facility's operation.

As the facility is put into industrial operation, production assets whose
consumption value is not equivalent to their estimated cost by the amount
of the additional expenditures necessary to improve them enter the produc-
tion sphere. These means must be anticipated in capital construction esti-
mates which serve as the basis for coordinating capital construction plans
and schedules for starting up production capacities and putting them into
operation.

The date on which the production capacities created are put into industrial
operation following the finish of start-up and adjustment work is the start
of the return on capital investments through the release of output and the
receipt of profit.

Planning the scheduled putting of new facilities into operation reduces to
an effort to obtain an economic impact in the briefest possible period in

order to free needed resources for other projects. Accelerating putting a
facility into operation is also important to retaining the innovativeness

of the equipment and technology, to minimizing equipment obsolescence.

That variant which requires the least expenditures of time and ensures the
earliest return on capital investments and the greatest profit over the de-
preciation period should be considered the most effective. Failing to con-
gider the time factor leads to a scattering of capital investments, to drawn
out construction, start-up and utilization schedules, and as a result, to
significant losses for the national economy as a whole.

Losses connected with failure to release a facility promptly for industrial
operation can, at the author's suggestion, be represented as follows:

1. K. Marx and F. Engels, "Soch." [Works], 2nd Edition, Vol 26, Part I, p
414,
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1) in the form of amount of commodity output shortfall as a consequence
of failure to put the facility into operation promptly:

n
B, +: L R IIAT,
; c (57)

where #r 1is the amount of reduction in proposed commodity release for
the time segment exceeding normative scheduled release of
the facility for operation;
8¢ 1s release in a 24-hour period for the entire products list
of output (n);
It is price per unit;

AT is the time by which normative schedules for releasing the
facility for operation are exceeded;

2) in the form of amount of commodity output shortfall in comnection
with the incomplete utilization of production capacities put into operation
at the moment they are released for operation:

n
o= Be Ky UTo, (58)
1

where /I, 1is losses of commodity output production as a consequence of
lower production volume than planned;
Ky« 1s the production capacities utilization factor;

To 1is the period of capacities utilization up to the amounts
outlined by the plan;

3) in loss of enterprise profit as a consequence of incomplete utiliza-
tion of technical-economic indicators:

Va=3B(l-O)T, (59)
1

where y, 1is losses of enterprise profit during the start-up and utili-
zation of capacities, r ;
C is the net cost of a unit of output during the utilization of
capacities;

4) in the increase in the amount of capital expenditures as a consequence
of failure to start-up production capacities promptly and of the increase in
the amount of time they are withdrawn from circulation.

Here, the losses are expressed in the amount by which the cost of capital
expenditures K, is exceeded due to the time factor:

K= Kr—Ko. (60)
The effect of accelerating capacities start-up [Law can be represented as
the relationship of the additional cost of output produced as a result of

shortened construction, start-up and utilization times to the expenditures
involved to achieve this:
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My
g 358 ——— | (51)
. Kn-1- Crip

where /. 1is additional output produced during the period by which put-
ting the production capacities into operation is accelerated;
Ka 1s additional capital expenditures directed into reducing
project construction time;
Cnyp 1s expenditures of the start-up period.

The effect of reducing the start-up period Ly can be expressed as the rela-
tionship of additional output produced due to start-up of capacities ahead
of schedule as a consequence of reducing the start-up and utilization per-
iods to start-up expenses:

An

i
wmp (62)
Reducing the time involved in building and starting up production and util-
izing production capacities enables us to obtain a summary economic impact
from accelerating putting the facility into industrial operation, which is
expressed:

in increment in consumption values to meet national economic needs and
in prompt provision of initial output from other types of production;

in additional enterprise profit;

in a reduction in the time capital expenditures are withdrawn from cir-
culation;

in using the labor, materials and financial resources freed at other
projects.

The time needed to recompense start-up expenses can be represented as the
time in which these expenditures are replaced through profit at the newly
operating enterprise:

- Cﬂll[‘ i
Te=—p (63)
where 7 1is the recompensation time, in years;
Cup  are start-up expenses;
1 is annual profit,
n=mMm, (64)

where 1, 1is profit per tom, in rubles;

M 1is enterprise capacity, in 1,000 tons per year.

The start-up expenses recompensation period varies within the following li-
mits for different chemical industry production:

0,288 T 2,01,
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The effectiveness factor also changes correspondingly
0,124 <E<5,9.

This shows that each ruble of expenditures on starting up production ac-
counts for up to 5.95 rubles of profit.

Nomograms can be used to show graphically the calculation of start-up per-
iod expenditures recompensation. They can be used to quickly evaluate the
influence of any given variable in the value on the end result by means of
a graphic depiction of functional dependencies.

In drawing up nomograms to determine the time needed to recompense start-up
expenses (Figures 25, 26, 27), the author adopted as the x and y coordi-

nate system the variables T and (y, (respectively); the size of the nomo-
gram is 100x100 mm.

Figure 25. Nomogram to Determine Time Needed to Recompense Start-Up Expenses
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Figure 26. Nomogram to Determine Time Needed to Recompense Expenses on
Start-Up and Adjustment Work (ammonia production facility)
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Figure 27. Nomogram to Determine Time Needed to Recompense Start-Up Expenses
(sulfuric acid production facil}L@:_y)
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The 1imits of change in variables for ammonia production are the following:
a) 0,288<T<2,01;
b) 2441 <IT << 9490;
C) 1060 < Cop << 6650,

The moduli of the variables are:

JYSp— S . = .
T oI008 1,70 o M58 om:
100

My o= i == 001
dup 5650 — 1060 0,01 mw,

Scales T, and G, are set up in terms of equations of variables:
x =My T=58T;.

Y= Map Cnp == 0,01C yyp.

The equation of the family of lines [T v;ill havé the form:

g7 e Lovp_ (65)
- T

Introducing /I values sequentially, we obtain an equation of six straight
lines (Figure 25). The family of variable // 1s depicted by a bunch of
straight lines passing through the start of the coordinates.

The nomograms determining the time needed to recompense start-up expenses
for the chemical industry as a whole are represented in Figure 28.

In view of the fact that here, start-up expenses depend on the type of pro-

duction and fluctuate within broad limits, it is appropriate to choose the
following types of production (Table 41) in setting up the nomograms.
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Figure 28. Nomogram to Determine Time Needed to Recompense Start-Up Ex-
penses for the Chemical Industry
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Table 41. Start-Up Expenses for Chemical Industry Production Facilities

Cpox oKynae-
Myckonme €0e
Mposykr 5’&‘“;’;‘8 pacxofu, Ms&:"pr;ﬁé?
_ JTHiC. PYO. B, rofl
) (2) £3) )
(Sémmax 4260 2175 0,714
(6 oprag Khcaora . 1569 770 0,477
(7 XaGeansuit naner 609,3 680 1,114
(8 Tepepadork  1ancT- 514 1056 2,15
ydcce
( APGAMIUIBE CMOJLE 2439 854 1,06
(10J1BX naeuxa ¢ nopkse- Gl7 272 0,441
SHILIM ¢A0eM
THAXTOPCHAAN 1188 354 0,298
12 KapGamsn 3698 1710 0,476
13 ¥pocopuas xucnota 7380 1240 0,168
14 Yrochopuan myka 1431 620 0,432
(15 Ylemnnpan 124 14650 1,231

Key:
l. Product
2. Profit, in 1,000 rubles
3. Start-up expenses, 1,000 rubles
4. Time needed to recompense start-up expenses, in years
- 5. Ammonia
6. Sulfuric acid

[Key continued on following page]
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(Key to Table 4], continued from preceding page)
7. Cable sheet
8. Plastics processing
9. Carbamide resins
10. Polyvinyl chloride film with backing
11. Ethylchlorsilan
12. Carbamide
13. Phosphoric acid
14, Phosphate fertilizer
15. Cellophane

According to the data in the table, the limits of change in the values are
the following:

a) 272’\:Clllxp<2|75:

b) 134T < 73K0;

c) 0,18<7<2,15,

We determine themodulus of the nomogram scales for time involved in recom-
pensing start-up expenses for the chemical industry:

200
2075 — 272
-
T 7380 — 134

Menup = =0,106 20,1;

Mq = 0,027 ~ 0,03,

Length L of scales Cyyp and /7 are 200 mm.

1

Nomogram width h = 200~140 nm.

NI

The equation of the third (planned) scale:
- %y = s (14 Megup) [, (66)

where [a==T.
When [i=1I, x3==32,4 mm ; when [;=2, x3=16,2 mm.

When setting up the nomogram, we used the data from Table 42 [second page
over]. The nomograms we propose can be used practically to preliminarily
evaluate time needed to recompense start-up expenses in the chemical indus-
try at the plamning stage.

As the calculations show, the time nceded to replace start-up expenses and
expenditures on start-up and adjustment work by specialized organizationms
is not great. This testifies to the fact that expenses associated with the

1. Ordinarily, h = = L 1is chosen.

~jwn
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start-up of new production are insignificant in comparison with that revenue
brought by putting chemical industry facilities into operation. The profit
from these production facilities is 0.3 to 19 rubles per ruble of start-up
expenses, and 12 to 40 rubles relative to Orgkhim expenditures on start-up
and adjustment work, which is reflected in the effectiveness factors. We
might also propose for practical use the nomograms for determining effect-
iveness factors for start-up expenses in the chemical industry (Figure 29)
- and for Orgkhim expenditures (Figures 30 and 31).

Figure 29. Nomogram for Determining Effectiveness of Start-Up Expenses for
the Chemical Industry
y

200
neoo +

10006

5000
a5
_"_—«'4-"‘—’4 o3
009 2000 J00 000 3352 EgT ¥
Key:
y —- profit; x --- start-up expenses

Figure 30. Nomogram to Determine Time Needed to Recompense Orgkhim Expenses
?

22000 Y [ 002 l
26900 0025
18000 +
16000 |- a0
14600 |
12000 o
10000 05
8007 |-

07
6009
4009 !
2000 + Y2

L 1 L
50 X0 . 20 00 uwe S0 x

S

8 S

T

)

T

Key:
y —- profit; x -- start-up expenses; T ~- expenses rechpensation time
P— ) o py_ m_,w‘_‘"
Figure 31. Nomogram to Determine oo
Effectiveness of Org- 18020
khim Expenditures i
10900
a0
§000
Key: 4000

y -- profit; x -~ Orgkhim expenses

902 20 0 wr x
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Key (to Table 42, preceding two pages) :

Production

Chemical industry enterprises
Annual profit, in 1,000 rubles

Start—up expenses

Start-up and adjustment work
Recompensation period
Overall

Including start-up and adjustment work

Effectiveness factor
Overall

Including start-up and adjustment work

Ammonia

Sulfuric acid

Cable plastic
Plastics processing
Carbamide mixture
Polyvinylchloride film
Caustic soda
Ethylchlorsilant
Caprolactam
Carbamide

Phosphoric acid
Methanol

Phosphate fertilizer
Lump sulfur

Simple superphosphate
Cellophane
Voskresenskiy
Novgorodskiy
Rovenskiy

Rustavskiy

Ferganskiy
Cherkaagkiy
Cherepovetskiy
Grodnenskiy

Krymskiy
Novomoskovskiy

Gomel 'skiy

Chemical Plant imeni Karpov
Uvarovskiy
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41.

END
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Nizhnetagil'skiy
Nelidovskiy
Kalushskily
Severodonetskiy
Usol'skiy
Grodnenskiy
Novgorodskiy
Voskresenskiy
Ionavskiy
Verkhnye-Komsomol'skily Phosphor-
ous Mine
Gaurdanskiy
Aktyubinskly
Balakovskiy
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